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| EPA AIR DOCKET | 

July 17, 1990 

Air Docket (LE-131) 
Environmental Protection Agency 
Room M-1500 
401 M Street S.W. 
Washington, D.C. 
U.S.A. 20460 

Sir/Madam: 

I would like to thank EPA for affording us the 
opportunity to comment on the Fuels and Fuel Additives 
Waiver Application by Ethyl Corporation for use of MMT in 
unleaded gasoline in the United States. Our comments are 
a provision of information on the Canadian experience with 
MMT rather than direct comments on Ethyl's application. 

Ethyl Corporation mentioned a number of times in 
its application, the extensive use of MMT in unleaded 
gasoline in Canada. There are differences between Canada 
and the U.S. that must be considered when evaluating the 
Canadian experience. There are no inspection and 
maintenance (I&M) programs in Canada as you have in the 
U.S. Also, when compliance testing for emissions on new 
automobiles is conducted, MMT-free fuel is used to ensure 
consistency with the U.S. Standard (adopted by Canada). 
There is no compliance testing for on-road vehicles. 

We have had concerns about MMT plugging 
catalysts. However, while it is certain that some 
catalysts plug with MMT, we have concluded the number is 
relatively small. Transport Canada has made repeated 
requests for data on the incidence of catalyst plugging 
but no manufacturer has yet submitted any data. Also, 
examination of the manufacturer's warranty claims did not 
reveal any abnormal incidence of plugging. 

Because Canada has no I&M programs, catalyst 
plugging for vehicles off warranty is difficult to 
enumerate. Also, some provinces do not have legislation 
prohibiting tampering and those that do, have limited 
enforcement. Therefore, a plugged catalyst would simply 
be removed and no complaint made to manufacturers. 

Canada 
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Health and Welfare Canada has evaluated the 
possible health effects of using MMT in gasoline. That 
department has advised Environment Canada there would be 
no significant increase of manganese in the environment to 
affect human health by the use of MMT in gasoline. 
Ms. Grace Wood (613) 957-1503 can be contacted for more 
details. 

We have already passed some printed material to 
Ms. Marilyn McCall of Mobile Sources. Additional material 
on ambient data is enclosed and the list of names and 
telephone numbers of the contacts is attached. 

Finally, based on data reported by refiners to 
Environment Canada, MMT is used at the maximum of 
18 milligrams per litre of unleaded gasoline allowed by 
the Canadian General Standards Board specifications. In 
Canada, refiners are octane stressed because most are 
phasing out leaded fuel production to comply with new 
regulations to take effect on December 1, 1990. 

I hope the information provided is helpful and 
can be used for evaluating Ethyl's application. 

Yours sincerely, 

J.A. Buccini 
Director 
Commercial Chemicals Branch 

c c : Laura Tupper, IPB 
Lui Hrabelski, Transport Canada 
Grace Wood, Health & Welfare Canada 
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Report Contact 

Inhalable Particulate Matter (PM10) 
Sampling Network (1984-1987) 

Trends in Ambient Manganese Levels (MMT) 

Tom Dann 
(613) 991-0459 

Air Quality in Ontario 1988 Phil Kiely 
(416) 235-5780 

National Inventory of Sources and 
Emissions of Manganese - 1984 Art Jaques 

(819) 994-3098 
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Health and Welfare Canada has evaluated the 
possible health effects of using MMT in gasoline. That 
departaent has advised Environment Canada there would be 
no significant increase of Manganese in the environment to 
-affect human health by the use of MMT in gasoline. ' 
Ms. Grace Wood (613) 957-1503 can be contacted for more 
details. 

Me have already passed some printed material to 
Ms. Marilyn McCall of Mobile Sources. Jldditional material 
on ambient data is enclosed and the list of names and 
telephone numbers of the contacts is attached. 

Finally, based on data reported by refiners to 
Environment Canada, MMT is used at the maximum of 
18 milligrams per litre of unleaded gasoline allowed by 
the Canadian General Standards Board specifications. In 
Canada, refiners are octane stressed because most are 
phasing out leaded fuel production to comply with new 
regulations to take effect on December 1, 1990. 

I hope the information provided is helpful and 
can be used for evaluating Ethyl's application. 

'""" " Yours sincerely, 

J.A. Buccini 
Director 
Commercial Chemicals Branch 

c c : Laura Tupper, IPB 
Lui Hrabelski, Transport Canada 
Grace Wood, Health & Welfare Canada 

v 



P.7 

Report Contact 

Inhalable Particulate Matter (PM10) 
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Trends in Ambient Manganese Levels (MMT) 

Tom Dann 
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Mational Inventory of Sources and 
Emissions of Manganese - 1984 Art Jaques 
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TO 
A 

Dvernment Gouvernement 
"of Canada du Canada 

FROM 
OE 

L _ 

MEMORANDUM 

~1 V. Shantora 
Chief 
Transportation Systems Division 
13th Floor, PVM 

A/Chief 
Pollution Measurement Division 
Room 105A, RRETC 

J 

71 

J 

NOTE DE SERVICE 

SECURITY - CLASSIFICATION - OE SECURITE 

OUR FILE/NOTRE REFERENCE 

4024-23 
YOUR FIIE/VOTRE REFERENCE 

August 15, 1984 

SUBJECT 
OBJET 

Trends in Ambient Manganese Levels (MMT) 

Please find attached some data from selected Ontario 
monitoring sites showing trends in ambient manganese concen­
trations . It is apparent that there has been a strong downward 
trend since 1969 at all sites. Sites in the vicinity of strong 
point sources ie. Hamilton, Welland exhibit higher concentrations 
than those i,n the vicinity of roadways ie. Toronto, (Evans and 
Arnold). 

..•: I have talked to A. Sheffield about inventory data for 
manganese and I believe information on transportation related 
emissions of manganese will be forthcoming. If any further data 
analysis is required please let me know. 

IQ E ® I D 
3 

TD/VS [ Em AIR DOCKET 

T. Dann 

Att 

cc: A. Sheffield 
D.A. Williams 
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YEAR 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

WINDSOR 
467 UNIV. AVE. 

120 

90 
140 
90 
50 
40 
50 
42 
45 

SARNIA 
GEN. HOSP. 

70 

50 

30 
40 
40 
30 
26 
22 
28 

LON 
KIN 
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1988 
Environment 
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TABLE A-31 MANGANESE (Mn) STATISTICS (1988) 

YEAR 

STATION 
NUMBER 

12002 

12005 

12008 

12010 

12011 

12013 

12015 

12038 

12039 

12047 

12049 

12051 

13003 

14016 

14030 

14031 

14064 

14152 

14153 

15001 

15009 

15014 

15015 

15016 

15017 

15116 

- 1988 POLLUTANT - MANGA* 

LOCATION 

CITY HALL, 444 WINDSOR AV 
WINDSOR 
7730 RIVERSIDE DR E 
WINDSOR 
467 UNIVERSITY AV W 
WINDSOR 
SEWAGE STN, HANNING RD 
WINDSOR 
DROUILLARD RD/RICHMOND ST 
WINDSOR 
FILTRAT PLT,3665 WYANDOTTE ST E 
WINDSOR 
SEWAGE STN, HWY 18/PROSPECT 
WINDSOR 
2885 HOWARD AV 
WINDSOR 
DOUGLAS ST/E.C. ROW W 
WINDSOR 
DORWIN PLAZA, DOUGALL AV 
WINDSOR 
643 ALEXANDRINE 
WINDSOR 
604 CAPITOL/REMINGTON 
WINDSOR 
POST OFFICE, 10 CENTRE ST 
CHATHAM 
HWY40*(OPP LAMBTON GS) 
COURTRIGHT 
RRI (W OF HOUSE) 
CORUNNA 
RRI tW.'OF BARN) 
MOORETOWN 
CENTENNIAL PK,FRONT ST/CN TRACKS 
SARNIA 
CHRISTINA/EXrtOUTH ST 
SARNIA 
704 MARA ST POINT EDWARD 
SARNIA 
WRN FAIR GROUNDS, KlNG/RECTORY 
LONDON 
LONGWOODS CONSERVATION AUTHORITY 

POND MILLS RO/DEVERON CRES 
LONDON 
951 COMMISSIONERS RD E 
LONDON 
801 COMMISSIONERS RD E 
LONDON 
8 MOUNTSFIELD DR 
LONDON 
801 COMMISSIONERS RD E 
LONDON 

OF THE ENV I RONMEN IT - A 

SUSPENDED PARTICULATE 

NO OF 
SAMPLES 

53 

52 

340 

49 

29 

54 

50 

57 

59 

56 

61 

56 

58 

350 

56 

55 

58 

115 

115 

60 

65 

57 

58 

59 

56 

40 

10 

30 

20 '. 

20 

10 

30 

4 0 

50 

40 

40 

30 

20 

20 

10 

5 

5 

5 

5 

20 

1 0 

10 

5 

1 0 

10 

10 

10 

14 

3 0 

4 0 

; 20 

40 

10 

54 

60 

60 

68 

5 0 

40 

30 

30 

20 

10 

5 

5 

20 

40 

20 

20 

5 

20 

20 

20 

20 

21 

IR RESC 

UNIT -

IURCES 

.001 

PERCENTILES 
5 0 

5 0 

30 

60 

2 0 

90 

1 1 0 

95 

90 

60 

5 0 

4 0 

5 0 

20 

10 

12 

10 

3 0 

60 

3 0 

3 0 

10 

3 0 

2 0 

2 0 

3 0 

2fl 

70 

80 

60 

80 

30 

112 

312 

140 

150 

80 

70 

60 

6 0 

20 

20 

20 

20 

4 0 

98 

58 

40 

20 

4 0 

30 

3 0 

3 0 

•Kr\ 

90 

136 

90 

140 

80 

162 

861 
• 

180 

214 

120 

110 

100 

120 

50 

30 

40 

30 

83 

486 

197 

60 

36 

70 

50 

40 

60 

cn 

BRANC H 

MICROGRAMS/CU 

99 

217 

120 

248 

138 

292 

1302 

220 

279 

140 

144 

141 

143 

74 

5 0 

54 

44 

124 

1473 

835 

111 

60 

90 

64 

64 

88 

TO 

MAX 

2 5 0 

1 2 0 

3 5 0 

1 7 0 

3 1 0 

1350 

2 2 0 

2 9 0 

1 4 0 

1 5 0 

1 6 0 

1 6 0 

8 0 

7 0 

6 0 

5 0 

1 3 0 

2180 

1 1 7 0 

1 3 0 

6 0 

9 0 

70 

70 

100 

.METRE 

ARITH 
MEAN 

68 

4 3 

72 

32 

97 

289 

106 

113 

69 

60 

54 

62 

25 

1 7 

17 

14 

35 

167 

90 

35 

17 

36 

27 

2 3 

3 0 

JUL 

GEOM 
MEAN 

55 

33 

57 

22 

78 

1 4 1 

92 

94 

6 4 

52 

4 5 

5 0 

22 

13 

12 

11 

24 

77 

38 

28 

13 

30 

23 

19 

24 

RUN 
2 5 , 

DATE 
1989 

TIMES ABOVE 
CRITERIA 

24 

i 

-HR 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-



TABLE A-31 (Cont.) ONTARIO MINISTRY OF THE ENVIRONMENT - AIR RESOURCES BRANCH 

YEAR - 1988 POLLUTANT - MANGANESE IN TOTAL SUSPENDED PARTICULATE UNIT - .001 MICROGRAMS/CU.METRE 

RUN DATE 
JUL 25, 1989 

74 

STATION 
NUMBER 

22907 

26029 

27008 

29011 

29012 

29017 

29025 

29067 

29098 

29102 

29114 

3V104 

31120 

'14005 

45080 

45081 

63005 

63022 

71042 

71049 

71068 

71071 

71072 

72077 

75010 

77016 

iyfy!if 

LOCATION 

RAINHAM RD (NEAR STELCO GATE) 
NANTICOKE 
EDNA/FREDERICK STS 
KITCHENER 
71 KING ST 
ST CATHARINES 
BURLINGTON/LEEDS 
HAMILTON 
BURLINGTON/WELLINGTON 
HAMILTON 
CHATHAM/FRID 
HAMILTON 
BARTON/WENTWORTH 
HAMILTON 
450 HUGHSON ST N 
HAMILTON 
BAY/MAIN ST 
HAMILTON . * 
467 BEACH BLVD 
HAMILTON 
VICKERS RD/EAST 18TH ST 
HAMILTON 
26 BREADALBANE 
TORONTO 
PERTH/RUSKIN(JUNCTION TRIANGLE) 
TORONTO 
2487 LAKESHORE E/BIRKBANK RDS 
OAKVILLE 
FINLEY RD, ANIMAL HOSPITAL 
AJAX 
65 HARWOOD AVE, AJAX WORKS DEPT 
AJAX 
HOSP, ARCHIBALD/ARTHUR STS 
THUNDER BAY 
HOSPITAL, 35 ALGOMA ST N 
THUNDER BAY 
PUMPHOUSE, BONNEY ST 
SAULT STE MARIE 
LAND OFFICE, QUEEN ST 
SAULT STE MARIE 
WM. MERRIFIELD SCHOOL 
SAULT STE MARIE 
BOUNDRY RD/BENNET 
SAULT STE MARIE 
FIRST AV/SECOND LINE 
SAULT STE MARIE 
MINISTRY OF HEALTH BLDG 
TIMMINS 
OPP STN 
NORTH BAY 
WATER TANK, ASH ST 
SUDBURY 

. . ... ._»—«. _________ «._,...,.,_.». 

jidji 

NO OF 
SAMPLES 10 30 

PERCENTILES 
50 70 90 99 MAX 

TIMES ABOVE 
ARITH GEOM CRITERIA 
MEAN MEAN 24-HR 

57 

60 

59 

52 

56 

54 

43 

54 

51 

63 

46 

340 

111 

124 

93 

83 

55 

56 

267 

59 

114 

29 

109 

40 

36 

56 

46 

20 

5 

180 

50 

53 

70 

20 

20 

122 

10 

20 

20 

11 

20 

20 

5 

5 

100 

20 

20 

9 

20 

10 

5 

5 

70 

40 

20 

303 

75 

90 

100 

40 

40 

230 

30 

30 

30 

16 

36 

20 

10 

20 

208 

40 

39 

10 

30 

16 

10 

7 

140 

50 

40 

430 

100 

135 

150 

65 

50 

330 

45 

40 

40 

28 

50 

40 

30 

30 

330 

5?. 
70 

20 

50 

20 

20 

10 

182 

60 

50 

540 

150 

171 

310 

100 

90 

394 

60 

50 

50 

40 

60 

50 

40 

40 

642 

86 

130 

30 

86 

30 

20 

20 

398 

91 

70 

765 

235 

297 

648 

207 

270 

620 

112 

80 

70 

71 

90 

68 

66 

50 

1270 

190 

291 

60 

142 

51 

20 

30 

- >r<* i alfc-

1184 

179 

108 

1234 

528 

408 

2224 

403 

508 

807 

245 

106 

107 

119 

121 

100 

94 

84 

1923 

240 

540 

80 

370 

96 

60 

40 

i _.*' 

1450 

230 

120 

1260 

550 

430 

3830 

430 

550 

890 

250 

150 

110 

130 

130 

100 

100 

90 

2650 

240 

830 

80 

400 

100 

60 

40 

199 

55 

39 

452 

134 

151 

337 

95 

108 

336 

56 

46 

39 

34 

55 

40 

31 

31 

526 

76 

118 

27 

74 

26 

18 

15 

126 

46 

30 

377 

101 

123 

188 

63 

64 

269 

40 

40 

34 

25 

47 

34 

21 

25 

348 

58 

68 

20 

52 

20 

15 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



77016 WATER TANK, ASH ST 
SUDBURY 56 5 7 10 20 30 40 40 15 

'g&rt'r&i&irs hn5rri^.*$*iril&ffA j f ^ s s f e iPi v>...: '&•* :•*:.?• .» $&.&&.&•*' &• *-& .yiw-..2-&£fe» Tiff. . . ...„._-.•.!.• 

12 

. .:?-^V--«5_:J S-A »=jra=-<j_^» 

TABLE A-31 (Cont.) 

ONTARIO MINISTRY OF THE ENVIRONMENT - AIR RESOURCES BRANCH 
YEAR - 1988 POLLUTANT - MANGANESE IN TOTAL SUSPENDED PARTICULATE UNIT - .001 MICROGRAMS/CU.METRE 

RUN DATE 

STATION 
NUMBER LOCATION 

NO OF 
SAMPLES 10 30 

PERCENTILES 
50 70 90 

T*IMES ABOVE 
ARITH GEOM CRITERIA 

99 MAX MEAN MEAN 24-HR 
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ABSTRACT 
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Estimates of the quantities of manganese released to the environment as 

emissions in 198* are summarized in this report. Emissions have been classified by 

source, sector and province. The data presented are estimates based on source testing 

data, process emission factors and production figures. Total anthropogenic emissions of 

manganese in 198* were estimated at 1225 tonnes, with manganese-bearing alloy 

production accounting for *7% of the total. 

A brief summary of the sources and uses of manganese has been included as 

well as a summary of the health effects of manganese. The methods used to estimate 

emissions and the accuracy of the data recorded have been described. 
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IX 

SUMMARY 

This inventory identifies anthropogenic sources of manganese released to the 
environment as emissions. For the purposes of this report emissions, have been defined as 
gaseous or particulate releases to the atmosphere. 

Manganese emissions in Canada for 198* have been estimated and expressed as 
elemental manganese (Table S.l). Figures S.l and S.2 provide a breakdown of emissions by 
province and source. 

Total anthropogenic emissions of manganese in 198* were estimated to be 
1225 tonnes. Production of ferromanganese and silicomanganese accounted for an 
estimated 576 tonnes or *7% of the total. Emissions from the production of iron and steel 
were estimated to be 337 tonnes (28%); gasoline-powered motor vehicles 211 tonnes 
(17%); and iron and steel foundries *0 tonnes (3%) of the total emissions for 198*. The 
remaining 5% of emissions were contributed by other miscellaneous sources. 

Comparison of the data in this report with data for previous years indicates 
that emissions from gasoline combustion have remained relatively constant throughout the 
1980s. Emissions from the ferroalloy industry, have declined considerably from the early 
1970s due to the addition of more efficient emission controls. 

TABLE S.1 SUMMARY OF MANGANESE EMISSIONS IN 1984 (tonnes) 

Sector 

Industrial Processes: 

Nfld. 

Manganese - bearing Alloy Production 
Primary Copper and Nickel Production 
Primary Zinc Production 
Primary Iron and Steel Production 
Iron and Steel Foundaries 
Battery Manufacturing 
Cement Manufacturing 
Metallurgical Coke Manufacturing 
Non-ferrous Alloys 
Welding Rods 
Miscellaneous Sources 

Fuel Combustion - Stationary Sources: 

Power Generation 
Industrial Fuel Combustion 
Commercial Fuel Combustion 
Residential Fuel Combustion 

<1 

-

<1 
<1 
<1 
<1 

P.E.I. 

<I 

-

<1 
<1 
<1 
<1 

N.S. 

6 
1 

< 1 
< 1 

-

<1 
<1 
<1 

2 

N.B. 

< 1 

< 1 

-

<1 
<1 
<1 
<1 

Que. 

576 
< 1 
< 1 
57 

6 

4 

< 1 
< 1 
-

< 1 
< 1 
< 1 
< 1 

Ont. 

<1 
<1 

229 
29 

< 1 
1 

< 1 
< 1 
< 1 
-

4 
1 

< 1 
< 1 

Man. 

< 1 
< 1 

6 
2 

< 1 
< 1 

-

< 1 
1 

< 1 
<1 

Sask. 

21 
< 1 

< 1 
< 1 

-

* 
< 1 
< 1 
< 1 

Alta. 

16 
1 

1 

-

5 
< 1 
< 1 

1 

B.C. 

< 1 
< 1 

2 
I 

< 1 
< 1 

-

< 1 
< 1 
< 1 
< 1 

Terr. 

-

< 1 
< 1 
<1 
<1 

Canada 

576 
< 1 
< 1 
337 

40 
1 
7 

< 1 
< 1 
< 1 

N/A 

lf 
3 

< 1 
3 

%of 
Total 

47.0 
< 0.1 
< 0.1 
27.5 

3.3 
0.1 
0.6 

< 0.1 
< 0.1 
< 0.1 
-

1.2 
0.2 

< 0.1 
0.2 

Fuel Combustion - Transportation Sources: 

Gasoline-powered Motor Vehicles 4 

Solid Waste Incineration: 

Municipal Refuse Incineration 
Sewage Sludge Incineration 

Miscellaneous Sources: 

Pesticide Application3 

<1 

42 71 10 12 29 27 

< 1 
< 1 

211 

5 
< 1 

28 

17.2 

0.4 
< 0.1 

2.3 

Totals'5 6S8 338 20 37 53 31 1225 100 

Distribution as follows: Maritimes 12; Ontario/Quebec 12; West 4. 
Totals by province do not include pesticide application. 



P.28 

800 

600 

400 

200 

TONNES 

NFLD PE N.B. QUE. ONT. MAN. SASK ALTA B.C. TERR 

PROVINCE 
TOTAL 1225 TONNES 

FIGURE S.l MANGANESE EMISSIONS BY PROVINCE (198*) 

MANGANESE-BEARING ALLOY PRODUCTION 

47.055 

MISCELLANEOUS SOURCES 

2.3% — 

27.5% 
IRON & STEEL PRODUCTION 

OTHER INDUSTRIES 

3.9% 

0.455 

D WASTE INCINERATION 

17.2% 
GASOLINE COMBUSTION 

1 .6% 

FUEL COMBUSTION - STATIONARY SOURCES 

TOTAL EMISSIONS 1225 TONNES 

FIGURE S.2 MANGANESE EMISSIONS BY SECTOR (198*) 



1 INTRODUCTION 

The purpose of this report is to identify and quantify anthropogenic sources of 

atmospheric emissions of manganese (Mn) in Canada for the year 198*. Information 

contained in this report was obtained from numerous sources, including: published reports, 

questionnaires, and personal communication with industry. Where data were available, 

emissions have been estimated for 1985. 

The many industrial processes and activities that generate significant releases 

of manganese have been described to facilitate the preparation of future inventories and 

to provide an understanding of the processes involved. 

Although manganese is released in various compound forms, all estimates have 

been expressed as tonnes of elemental manganese. 

1.1 Sources and Uses of Manganese 

Canada does not mine manganese ore because known deposits contain insuffi­

cient tonnage of adequate quality, which makes the country entirely dependent upon 

imports for the manufacture of manganese products. In 198*, Canada imported 

77 5*5 tonnes of manganese (as elemental manganese) in ores and concentrates, 

29 805 tonnes of ferromanganese (FeMn) and 6083 tonnes of silicomanganese (SiMn) (1). 

Only high carbon ferromanganese, silicomanganese and a few secondary manganese 

chemicals are manufactured in Canada (2). The consumption of manganese is shown in 

Figure 1. 

Manganese ranks twelfth as one of the more abundant elements in the earth's 

crust but does not occur as a free metal. The most abundant compounds occur as oxides, 

sulphides, carbonates and silicates widely distributed in soils, sediments, rocks, water and 

biological materials. The average concentration of manganese in the earth's crust is 

approximately 1000 ppm (3,*,5). 

Manganese is a hard, brittle, greyish-white metal. Although manganese just 

precedes iron in the periodic table, it is not ferromagnetic like iron; however, some of its 

alloys and compounds are. Table 1 presents the physical constants and properties of 

manganese (6,7). The most important valence states of manganese are +2, +*, and +7, as 

exhibited in manganese oxide (MnO), manganese dioxide (Mn02) and permanganate 

(MnO^~), respectively. Some selected manganese compounds are presented in Table 2. 
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non ferrous 
aluminum, bronze 

fuel additives 

" pesticides 

fertilizers 
colorant in bricks 

tiles paint drier 
•water purification 

NJ 

Note: q u a n t i t i e s are expressed in tonnes. 

FIGURE 1 SOURCES AND USES OF MANGANESE (198*) 
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TABLE 1 PHYSICAL PROPERTIES OF METALLIC MANGANESE (6,7) 

Property Value 

Atomic Number 

Atomic Weight 

Crystal Structure 

Valence State 

Melting Point 

Boiling Point 

Specific Gravity 

Specific Heat at 25.2°C 

Linear Coefficient of Thermal 
expansion 0 to 100°C 

Hardness, Mohs Scale 

Compressibility 

Solidification Shrinkage 

Standard Electrode Potential 

Magnetic Susceptibility 

Latent Heat of Fusion 

Latent Heat of Vapourization 

Solubility 

25 

5*.938 

cubic or tetragonal 

-3,1,2,3,*,5,6,7 

12**+ 3°C 

1962 °C 

7.21 to 7.** 

0.*8 J/g 

22.8 x 10-6/°C 

5 

8.*x IO"*7 

1.7 % 

1.13* 

1.21 x 10-7 m3/kg 

2** 3/g 

*020 J/g 

decomposes in water; is soluble in 
slightly dilute acid 

The major sources of man-made environmental pollution from manganese arise 

in the manufacture of alloys, steel and iron products. Other sources include the 

combustion of fuel additives, mining of Mn-ores, the production and use of fertilizers and 

fungicides, and the production of synthetic manganese oxide and dry-cell batteries. 

The principal use of manganese is in the production of iron and steel. It is 

essential to the production of virtually all steels and it is important to the production of 

cast irons. The principal purpose for adding manganese to steel (as ferromanganese) is to 

nullify the harmful effects of sulphur by forming manganese sulphide (MnS). It also acts 

as a deoxidizer and imparts the alloying effects of strength, toughness, hardness, and 

hardenability. Silicomanganese is used as the alloy feed stock when both silicon and 

manganese are desired in the steel. The most common grades of steel contain about 0.5 

to 1% manganese; however, various specialty steels can contain up to 10%. 

L 
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TABLE 2 FORMULAE AND MANGANESE CONTENT OF SOME MANGANESE CHEMICALS (2) 

Manganese 
(%) Main End Uses 

Manganese acetate 
tetrahydrate 

Manganese borate 

Manganese carbonate 

Manganese chloride 

Manganese ethylene-
bisdithiocarbamate 
(Maneb) 

Manganese dioxide 

Manganese gluconate 

Manganese napthenate 

Manganese oxide 

Mn(C2H302)2-^H20 

MnC03 

25 

MnCl2 

(CH2NHCa2)2Mn 

Mn02 

Mn(C6Hn07)2.2H20 

MnO 

• oxidation catalyst 

- ink drier, fire-retardant 

- natural or intermediate 
product in making manga­
nese chloride, electrolytic 
manganese dioxide (EMD) 
and manganese metal; 
glass and ceramics; 
welding rods 

• glass and ceramics, other 
chemicals 

• fungicide 

• magnesium metallurgy, 
glass and ceramics, 
primary batteries 

• vitamins 

• paint additive and drier 

• animal foods, fertilizer, 
micronutrients, welding 
rods 

Manganese phosphate 

Manganese sesquioxide 

Manganese sulphate 

Manganic oxide 

Methylcyclopentadienyl 
manganese tricarbonyl 
(MMT) 

Potassium permanganate 

Mn3(PO/f)2.7H20 

Mn203 

MnSOzj 

Mn^Ot^ 

CH3C5Hi(Mn(CO)3 

KMnO^ 

69 

27 to 28 

70.6 

- rust proofing 

- ferrites, semiconductors, 
thermisters and electro­
nics parts 

- fertilizer micronutrients, 
other chemicals 

- glass and ceramics, 
welding rods, coating, 
welding fluxes, electronics 

- anti-knock additive in 
gasoline 

- saacharine, oxidizing 
agent, disinfectant, 
pollution control 
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Manganese is present in all foodstuffs, usually at concentrations below 

5 mg/kg. Concentrations in certain cereals, nuts and shellfish, however, can be much 

higher, exceeding 30 mg/kg in some cases (3). Levels in tea leaves may amount to several 

hundred mg/kg. 

Manganese has been found in measurable quantities in practically all air 

samples of suspended particulate matter. Annual average levels in ambient air in urban 

and rural areas not significantly influenced by point source emissions vary from 0.01 to 

0.07 ug/m3 (2). In areas associated with the manganese industry, however, annual 

averages have occasionally exceeded 8 yg/m3 (3). About 80% of the manganese in 

suspended particulate matter is associated with particles having a mass median equivalent 

diameter of less than 5 p m (ije., particles within the respirable range) (3). 

1.2 Manganese and Health 

Manganese is an essential trace element for both animals and humans. It is 

necessary for: the formation of connective tissue and bone, growth, carbohydrate and lipid 

metabolism, the embryonic development of the inner ear, and reproductive functions (3). 

Food is the major source of manganese for man and the daily requirement for adults is 

estimated to be 2 to 3 yg/d. 

The daily intake of manganese in the air by the general population in areas 

without manganese emitting industries, is below 2 yg/d. In areas with major foundries, 

intake may rise to * to 6 yg/d and in areas associated with ferro- or silicomanganese 

industries it may be as high as 10 yg, with 2*-hour peak values exceeding 200 yg/d (3). 

A health assessment document (8), prepared by the U.S. Environmental 

Protection Agency (EPA), summarizes the findings of numerous studies concerning the 

toxicity of manganese. The reader is referred to this document as well as to the 

Environmental Health Committee's (of EPA's Science Advisory Board) comments for more 

detailed information. 

There are two organomanganese compounds of toxicological importance: 

manganese ethylene-bis-dithiocarbonate (Maneb) and manganese tricarbonyl compounds. 

Maneb is used as a fungicide on edible crops. Toxicologically, the manganese fraction is 

of little importance, it is the organic portion that is of greater concern (3). Manganese 

tricarbonyl compounds are used as additives in gasoline. After combustion, only a small 

fraction of the compound is emitted and undergoes rapid photodecomposition, converting 

to manganese oxides and carbonates. The World Health Organization (WHO) concluded 

i 



that exposure to manganese tricarbonyl compounds is likely to constitute an occupational 

hazard. Community exposure to the parent compound, however, is expected to remain 

very small. The WHO recommended that epidemiological surveys be conducted in 

communities exposed to annual mean concentrations of manganese in air exceeding 

1 yg/m3(3). 

1.3 Methodology 

Several methods have been used to estimate emissions of manganese. Emis­

sions were estimated based on data provided by individual companies, surveys and 

calculations performed by Environment Canada, as well as monitoring data taken from 

similar processes and emission factors reported in the literature. The emission factor is a 

statistical average of the rate at which a contaminant is released to the environment, as a 

result of some activity. It can apply to part of a process or the whole process; with or 

without emission controls. 

The sources of all emission factors presented in this report have been cited. 

Because most of the emission factors have been developed for materials that contain 

manganese, the manganese emissions will depend both on the amount of material emitted 

and the manganese content of the material. This can have a significant effect on 

estimates. For example, emissions from coal combustion depend on the type of coal and 

manganese content of the coal which can vary from 6 to 2*0 ppm. 

In compiling any emission inventory, accurate data on the quantity and 

characteristics of releases from all sources are required. Although the most accurate 

means of determining releases is monitoring on a source-by-source basis at the point of 

release, this is made impractical by the large number and diversity of the sources of 

manganese. Every effort has been made to ensure that the most accurate and recent data 

available have been used in this report. 
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INDUSTRIAL EMISSIONS 

2.1 Manganese-bearing Alloy Production 

In 198*, the reported consumption of metallurgical grades of Mn ores by the 

two ferromanganese and silicomanganese producers was 222 205 tonnes (9). Since Canada 

has no domestic producers of manganese ore all of this ore was imported (1). The 

production of ferromanganese and silicomanganese for 198* amounted to *7 852 tonnes 

and 32 0*9 tonnes, respectively (9). 

Process Description. Ferromanganese and silicomanganese may be produced in 

either a blast furnace or an electric furnace. In Canada, all manganese ferroalloys are 

produced by electric arc furnaces, either sealed or open-top (9). 

The electric submerged-arc furnace consists of a refractory-lined hearth and a 

water-cooled steel shell. Complete oxide reduction is accomplished with intense heat 

(2200°C to 2760°C). A taphole is provided for draining metal and slag. Normally, three 

electrodes extend 1 to 1.5 metres into the charge materials. Manganese ore, coke or coal, 

iron filings, limestone and/or quartz, mixed in proper proportions constitute the charge. 

Three-phase current passes through the charge materials from electrode to 

electrode, and the electrical energy smelts the charge. Coke and other reducing 

materials that are added to the furnace react with the oxygen in the metal oxides to form 

carbon monoxide, particulate matter, and metal vapours. The slag is water-cooled and 

processed. If it has a high manganese content, it is crushed and recycled in the production 

of silicomanganese; otherwise, it is discarded. 

Since a large supply of electric power is necessary for economical operation, 

the plants are usually located near inexpensive sources of electricity. Submerged-arc 

furnaces generally operate continuously except for periods of power interruption or 

mechanical breakdown. 

Emission Sources and Controls. The possible sources of manganese emissions 

from the production of manganese ferroalloys by the electric arc furnace process are 

shown in Figure 2. Fugitive emissions of manganese occur during the crushing, transfer 

and stockpiling of manganese-bearing ores and as a result of wind erosion of the 

stockpiles. The emissions from handling operations are in the form of Mn-bearing 

particulate. Emissions from storage piles can be reduced by erecting wind barriers, 

covering the piles with plastic or spraying them with water (7). The extent of these 

practices is unknown. 
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The smelting of Mn ore and other raw materials in the electric arc furnace is 

the major source of Mn-bearing particulate. Open furnaces generate the highest level of 

emissions because the large opening between the furnace rim and hood allows more 

circulation of air and gases through the charge, which entrains Mn and particulate. Fabric 

filters are used to control emissions from this type of furnace. Testing of these control 

systems has indicated a total particulate removal efficiency of over 99% (10) although the 

reported efficiency on this furnace in Canada is 98% (11). 

Because minimal air enters sealed furnaces, gas volumes to the control device 

are only 2 to 5% of those from open furnaces. High-pressure-drop venturi scrubbers are 

commonly used on this type of furnace with reported efficiencies as high as 99% (11). 

Additional manganese emissions occur during casting and finishing operations, and the 

final crushing, sizing and packaging of the ferroalloy products. These operations may be 

controlled by fabric filters or scrubbers (12). 

Emissions. Emissions have been estimated using published emission factors 

(Table 3). Estimates of fugitive emissions have been generated by the use of predictive 

equations developed for open dust sources at iron and steel mills (7). Several assumptions 

have been made in order to develop appropriate emission factors. It was assumed that 

particulate emission factors for general ferroalloy production also apply to the production 

of Mn ferroalloys. In order to derive Mn emission factors from total particulate emission 

factors it was assumed that metallurgical-grade Mn ore contains an average of *5% Mn by 

weight. The composition of Mn in ferroalloys can range from 75 to 90% in ferromanga­

nese to 63 to 68% in silicomanganese. The Mn emission factors were obtained by 

multiplying average total particulate emissions from finishing and handling by 80 and 65% 

for ferromanganese and silicomanganese, respectively. 

Based on consumption and production figures, the appropriate emission 

controls and applicable emission factors, emissions of manganese for 198* from the 

ferroalloy industry were estimated to be 576 tonnes (1, 7, 9). Emissions were also 

estimated for 1985 and due to increased production they were estimated to be 900 tonnes. 

2.2 Primary Copper and Nickel Production 

There were six primary copper smelters in Canada in 198*, two of which also 

produced primary nickel. One other smelter produced the remainder of the primary 

nickel. In 198*, 50* 252 tonnes of recoverable copper and 173 725 tonnes of nickel were 

produced in Canada (13, 1*). 
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TABLE 3 MANGANESE EMISSION FACTORS FROM FERROALLOY INDUSTRY 
(7) 

Source 

Processing of Raw Materials: 

Receipt and storage of Mn ore 

Crushing and sizing 

Weighing and feeding 

Smelting in Submerged Arc Electric Furnaces? 

Uncontrolled Sources: 

FeMn 

FeMn 

FeMn 

Mn 

SiMn 

Controlled Sources: 

FeMn 

FeMn 

FeMn 

SiMn 

SiMn 

SiMn 

Finishing Operations: 

Ladle Treatment 

Casting 

Crushing/grinding/sizing 

Furnace Type: 

Open 

Semi-sealed 

Sealed 

NA 

NA 

Open (fabric filter) 

Semi-sealed (scrubbers) 

Sealed (scrubbers) 

Open (fabric filter) 

Semi-sealed (scrubbers) 

Sealed (scrubbers) 

Mn Emission factor 

(kg/tonne 
of ore processed) 

0.*5 

0.*5 

o.*o 

(kg/tonne 
of product) 

6.6 

2.6 

9.6 

5.7 

23.2 

0.2 

0.0* 

0.0038* 

0.05* 

0.016 

0.001* 

FeMn 

3.75 

0.2* 

0.08 

SiMn 

3.0 

0.12 

0.065 

* emission factor in kg/MWh; NA - not applicable 

Process Description. The first step in the production of copper and nickel 

involves the concentration of low-grade sulphide ores by magnetic separation and/or 
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flotation. The primary metals are then recovered from the concentrate either by 

roasting, smelting, converting and fire-refining, or by using some of the newly developed 

pyrometallurgical techniques. 

In roasting the concentrates, about half the sulphur is driven off as sulphur 

dioxide and some of the iron is oxidized. The charge is then melted, usually in a 

reverberatory furnace, where it separates into an iron silicate slag and a solution of 

molten sulphides (matte). The mattes are converted through a series of chemical 

reactions to form the crude metals. The crude copper or nickel is then cast into anodes to 

be refined by electrolysis. 

Emission Sources and Controls. The main atmospheric emission points from 

the production of primary copper and nickel are the roasters, furnaces, and converters. 

Emissions from operations such as ore handling and anode furnace are negligible by 

comparison. 

Electrostatic precipitators are used to control particulate emissions from the 

gases from the roaster, smelting furnace and converter. Baghouses are used for further 

cleaning of the combined reverberatory furnace and converter gas streams. 

Emissions,, Data on emissions of manganese from copper and nickel production 

are almost non-existent. Questionnaire replies have indicated some and estimates have 

been made based on particulate emissions. 

Due to the lack of data, emissions of manganese from copper and nickel 

production have not been estimated in this report. 

2.3 Primary Zinc Production 

In 198*, 683 156 tonnes of primary zinc were produced in Canada by four 

plants. All the primary zinc in Canada is produced by the electrolytic process, which 

involves the roasting of the concentrate to drive off the sulphur and obtain oxidized zinc. 

The roasted ore is termed calcine and contains up to 3% sulphur. The reduction and 

recovery of zinc is achieved by leaching the calcine with sulphuric acid. The insoluble 

portion, which contains iron, is separated from the soluble portion and contains about 20% 

zinc as ferrite in the conventional process and 3% zinc using the "Jarosite Process". 

Manganese dioxide is added in the leaching process to oxidize the iron. The solution is 

then purified and sent to cooling towers before going to the electrolysis plant where zinc 

is plated onto cathodes. The zinc cathodes are then melted and cast into ingots. 
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Emission Sources and Controls. The main sources of emissions are the roasters 

and electrolytic cells. All companies except one have acid plants for the production of 

sulphuric acid from roaster gases. In addition, the gases prior to entering the acid plant, 

are cleaned by cyclones, electrostatic precipitators or acid scrubbers, in order to remove 

particulate matter. 

Emissions. Information from questionnaires indicates that concentrations of 

manganese in the ores range from 0.10% to 0.22% (11). However, no accurate information 

on the loss of manganese from primary zinc production exists. A recent survey done in 

the United States does not mention loss of manganese from this type of operation (7). 

Due to the lack of accurate data, emissions of manganese from primary zinc 

production have not been estimated but are considered minor. 

2A Primary Iron and Steel Production 

Iron and steel manufacturing processes include coke production, pig iron 

manufacture in blast furnaces, steel making using open-hearth, basic oxygen and electric 

arc furnaces, rolling mill operations and finishing operations. In 198*, the Canadian Steel 

Industry produced approximately 1*.6 million tonnes of crude steel (13). 

Molten iron for steel production is obtained by reducing iron ore Fe203 or 

Fe30^ to iron in the blast furnace. Preheated air is introduced at high velocity and reacts 

with the iron ore, coke and limestone. The molten iron is then transported to a steel mill 

or cast into pigs. The flue dust and other iron ore fines from the process are converted 

into charge material through sintering. Sinter is an agglomerated product of a size and 

strength suitable for blast furnace charging. The charge materials, consisting of suitable 

proportions of iron ore fines, blast furnace (BF) flue dust, mill scale, return sinter fines, 

limestone fines and coke breeze are mixed with controlled amounts of water and fed to a 

pug mill or to a balling drum. Here the mixture is ignited in order to cause surface 

melting and agglomeration of the mix. 

In the open hearth (OH) furnace, steel is produced from a charge of scrap and 

hot metal mixed in varying proportions and melted. Only one company is still using the 

OH furnace to produce steel. 

The basic oxygen furnace and the electric arc furnace accounted for the 

majority of steel production in 1985. In the basic oxygen process, pure oxygen is used to 

oxidize impurities in a charge composed of approximately 70% blast furnace metal and 

30% scrap metal. The oxidation generates the required heat to melt all the scrap 
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charged. Lime is added to the vessel to form a slag that contains oxidized impurities 

from the hot metal and scrap. 

The electric arc furnace is a refractory-lined steel cylinder with a bowl-

shaped hearth and dome-shaped removable roof. Three carbon electrodes extend through 

holes in the roof to reach the charge in the furnace. In stainless steel production, the 

molten steel is transferred from the electric furnace to an Argon Oxygen Deoxidation 

(AOD) vessel similar to the basic oxygen furnace (BOF). Argon and oxygen and/or 

nitrogen are blown into the steel for preferential removal of carbon instead of oxidation 

of chromium (7). 

Emission Sources and Controls. All of the materials generated in an 

integrated steel plant contain some manganese; consequently, blast furnaces, sinter 

plants, open hearths, basic oxygen furnaces, and electric arc furnaces are the main 

sources of manganese emissions. 

Manganese-bearing emissions occur during storage and during the transfer of 

iron ore, sinter and pellets to the blast furnace. Emissions also occur during the tapping 

and transfer of metal and slag within the casthouse. Conditions known as "slips" can 

cause emissions from the emergency pressure-release valves on top of the furnace (7). 

Primary emission control devices on the furnace are usually wet scrubbers with secondary 

cleaning being provided by electrostatic precipitators. 

In the sintering process emissions occur from the windbox exhaust, the 

discharge (sinter crusher and hot screen), the cooler and the cold screens. Mechanical 

collectors are typically used for product recovery and initial cleaning of windbox exhaust. 

Secondary collectors may be electrostatic precipitators (ESPs), fabric filters, scrubbers 

and gravel bed filters (16). 

Sources of fugitive emissions from open hearth furnaces include charging, 

leakage from the furnace, tapping and slag drainage. Controls for fugitive emissions are 

limited. Emissions from OH furnaces are generally controlled with ESPs or wet scrubbers. 

The primary emissions from basic oxygen furnaces are controlled by venturi 

scrubbers and electrostatic precipitators. Emissions also occur during the transfer of hot 

metal from the ladle cars to the ladles, the charging of scrap and hot metal to the BOF 

vessel, slag dumping and tapping of the steel. Secondary controls used to control the 

charging and tapping emissions may evacuate emissions to a separate fabric filter or to 

the primary emission control system. 

Electric arc furnace emissions occur during periods when the furnace roof is 

closed (process) and when the roof is open (fugitive). Process emissions consist of 
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metallic and mineral oxide particulate as well as some carbon monoxide and hydrocarbons. 

Charging emissions may contain particulate, carbon monoxide, hydrocarbon vapours, and 

soot. Fabric filters are the most widely used control devices (17). 

Emissions. Emissions have been estimated based on published emission factors 

(Table *). Calculations of manganese emission factors are based on the elemental Mn 

content of the particulate emissions even though most of the manganese emissions are in 

the form of oxides. It was assumed that the Mn content from the hot metal runners in the 

blast furnace operations was the same as the Mn content of the dust from the fabric filter 

controlling hot metal transfer. Further assumptions are noted in Table *. 

Based on the appropriate emission factors for each plant, furnace type and 

controls, and the production of iron and steel, total emissions for 198* were estimated at 

337 tonnes (7, 17, 18). 

2.5 Iron and Steel Foundries 

Scrap iron and steel are melted in different types of furnaces and cast in 

molds, usually made of sand. Cupola, electric induction, electric arc and reverberatory 

are the furnace types normally used. The cupola is the major furnace used in a gray iron 

foundry. It is typically a vertical, refractory-lined, steel shell, which is charged at the 

top with alternate layers of pig iron, coke and flux. The larger cupolas are water cooled. 

Air for combustion of coke is introduced at the bottom and the heat generated melts the 

charge. Hot blast cupolas use preheated air. Cupolas can be tapped either continuously 

or intermittently from a side tap hole at the bottom of the furnace. 

Electric arc furnaces used in foundries are the same as those used in 

integrated steel plants. Induction furnaces are vertical refractory-lined cylinders 

surrounded by electrical coils energized with alternating current. The resulting fluctua­

ting magnetic field heats and melts the metal. Induction furnaces remain closed except 

during charging, skimming and tapping operations. The basic melting process operations 

are: 

1) furnace charging, in which metal, scrap, alloys, carbon and flux are added to the 
furnace; 

2) melting; 

3) backcharging; 

*) refining; 

5) slag removal; and by tapping into a ladle or directly into molds (Figure 3). 
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TABLE ir MANGANESE EMISSION FACTORS FROM IRON AND STEEL PRODUCTION 

Type of Operation Source Control Device Product Emission 
Factor (kg/Mg) 

Blast Furnace Slips 
Casthouse 

- uncontrolled 
- uncontrolled 
- runner covers 

0.1185/slipa 

0.0009b 
0.0009 

Sintering 

Open Hearth Furnace 

Basic Oxygen Furnace 

Electric Arc Furnace 

Windbox 

Sinter Discharge 

Windbox and 
Discharge 

Melt ing and Refining 

Roof Monitor 
Teeming 

Top-blown BOF 
Melt ing and Refining 

Charging 

Tapping 

Hot Metal Transfer 

Melt ing and Refining 
Charging, Tapping 

and Slagging 
Mel t ing, Refining 

Charging, Tapping 
and Slagging 

Carbon Steel 

Al loy Steel 

- uncontrolled 
- dry ESP 
- wet ESP 
- scrubber 
- cyclone 
- uncontrolled 
- fabr ic f i l t e r 
- or i f i ce scrubber 
- fabr ic f i l t e r 

- uncontrolled 
-ESP 
- uncontrolled 
- uncontrolled 
- side draft-hood to 

fabr ic f i l t e r 

- uncontrolled 
- open hood to ESP 
- open hood to 

scrubber 
- at source and 

monitor 
- a t source and 

monitor 
- at source and 

monitor 

- uncontrolled 

- uncontrolled 

- uncontrolled 
- DEC plus charging 

hood to fabr ic 
f i l te r 

- uncontrolled 
- fabr ic f i l t e r 

0.067 c 
0.0096 
0.001 
0.0028 
0.006 
0.0* 
0.0006 
0.0035 
0.0018 

0.039d 
0.0005 
0.0003 
0.00013 

0.000003 

0 . 1 « 5 e 
0.0065 

0.00034 

0.00371 

0.00605 

0.00027 f 

0.665 s 

0.02*5 

0.875 

0.00075 
0.328h 

0.0087 

a 
b 
c 
d 
e 
f 
g 
h 

Mn content of flue dust = 0.3% 
Mn content of slagrunner fumes = 0.2%; Mn content = 0.*% from hot metal 
Mn content of sinter = 1.2% 
Mn content of ESP dust = 0.37%; most of Mn emissions are in the form of oxides 
Mn content = 1% of the BOF dust and sludge 
Mn content = 0.26%; based on reladling baghouse dust analysis 
Mn content of EAF dust - carbon steel, 3.48% 
Mn content of EAF dust - low and medium alloy 5.76%. 
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Molten metal is then tapped into a holding unit or into a ladle for pouring into 

molds. Steel castings are usually cleaned by shot-blasting prior to finishing. 

Emission Sources and Controls. Particulate emissions can occur during all of 

the operations mentioned. The highest concentration of furnace emissions occurs during 

charging, backcharging, alloying, slag removal and tapping operations. Emissions 

generated during the melting and refining operations are vented directly to collection and 

control systems, where they exist. 

Emissions consist of metallic oxides, fumes, dust and gases. A large amount of 

particulate matter is also generated by non-melting operations such as shake-out, shot 

blasting and sand conditioning. The major emission source is the cupola furnace, with 

electric arc, induction and reverberatory furnaces emitting smaller amounts. 

Emissions from cupolas are controlled by cyclones, fabric filters, wetcaps and 

scrubbers. Collector units such as baghouses and scrubbers are used in electric arc 

furnaces. Induction furnaces are usually uncontrolled (7). A variety of hoods, and 

ventilating and exhaust systems are also employed to capture exhaust foundry emissions. 

Emissions. The emissions have been estimated for 198* based on published 

emission factors (7, 20, 21) and available information on iron and steel foundries. The 

calculated emission factors for manganese, which are based on the Mn content in the 

particulate matter, are presented in Table 5. 

Approximately 86* 5*3 tonnes of iron castings and 131 365 tonnes of steel 

castings were produced in Canada in 198* (19, 20, 21). Provincial emissions were 

estimated based on known emission controls, furnace types, and production figures (21, 

22). Total manganese emissions for 198* were estimated to be *0 tonnes. 

2.6 Battery Manufacturing 

Manganese dioxide is used as a depolarizer in the manufacture of manganese 

alkaline batteries. The cathode in these dry cells, is manganese dioxide (Mn02) with 

about 10 to 30% carbon (by weight) added to improve conductivity. The collector for the 

cathode is usually either a carbon rod or a metal rod coated with carbon and the anode is 

usually the zinc can or zinc sheet. The electrolyte used is generally either a saturated 

solution of ammonium chloride (NH^Cl), sodium hydroxide (NaOH) or potassium hydroxide 

(KOH). 

Batteries that use a saturated solution of ammonium chloride as the electro­

lyte are known as Leclanche cells. The batteries that use NaOH or KOH as the 
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TABLE 5 MANGANESE EMISSION FACTORS FOR IRON AND STEEL FOUNDRIES 

Source 

Iron Foundries; 

Cupola 

Electric Arc Furnace 

Induction Furnace 

Steel Foundries; 

Electric Arc Furnace 

Induction 

Control Equipment 

- uncontrolled 
- wet Cap 
- impingement scrubber 
- high energy scrubber 
- fabric filter 

- uncontrolled 
- fabric filter 

- uncontrolled 

- uncontrolled 
-ESP 
- venturi scrubber 
- fabric filter 

- uncontrolled 

Emission Factor 
(kg/tonne of product) 

0.13 
0.06 
0.0375 
0.006 
0.0015 

0.075 
0.00075 

0.01125 

0.26 
0.013 
0.0065 
0.000* 

0.002 

electrolyte are known as alkaline cells. Except for the electrolyte used, the Mn02-zinc 

cell and the Leclanche cells are essentially the same, although the alkaline cells generally 

perform better. 

Emission Sources and Controls. The Mn ore or synthetic oxides used in the 

manufacture of dry cell batteries are generally received in bags already ground to the 

required sizes. The bags are stored, covered with plastic covers and are manually dumped 

into storage hoppers. In the subsequent steps, the Mn02 powder is combined with the 

electrolyte and the rest of the process is conducted under semi-wet conditions. 

The only emission sources are at the points of initial handling of the Mn-Ore 

an Mn02 powders. In the case of natural ores, grinding and screening may be done at 

these points, depending on the onsite facilities. These points are generally well controlled 

by the use of hoods evacuated to fabric filters. 

Emissions. Manganese emissions from battery manufacturing have been 

estimated based on the amount of ore processed and the appropriate emission factors 
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shown in table 6 (1, 7). The assumptions made in deriving the emission factors are based 

on a 50% Mn content in the ore and a 63.2% Mn content in pure Mn02« 

In 198*, approximately 3306 tonnes of battery grade Mn ore (85+% Mn02) were 

consumed in Canada (1). Total emissions for 198* were estimated at 585 kg. 

TABLE 6 MANGANESE EMISSION FACTORS IN BATTERY MANUFACTURING 

Source Control Equipment 
Manganese Emission Factor 
(kg/tonne of material handled) 

Ore Grinding 

Screening 

Storage and Handling 

- uncontrolled 

- fabric filter 

- uncontrolled 

- fabric filter 

- uncontrolled 

- fabric filter 

15.0 

0.015 

0.5 

0.0005 

2.2 

0.0022 

2.7 Cement Manufacturing 

Two methods are used for cement manufacture. In the dry method, feed 

materials are sent to the process as dry solids. In the wet method, feed materials are 

mixed with water and sent to the process as a slurry. The raw materials used to make 

cement fall into four basic categories: lime, silica, alumina and iron. Approximately 

1600 kg of dry raw materials are required to produce one tonne of cement (7). Regardless 

of the type of process used, the materials are proportioned, ground and blended before the 

primary cement production steps are begun. 

In the dry process, the moisture content of the raw material is reduced to less 

than 1% either before or during the grinding operation. The dried materials are ground to 

a powder, blended to the prescribed proportion and fed directly into an inclined rotary 

kiln. In the wet process, the slurry formed by adding water to the original raw materials 

is blended, mixed, and adjusted to achieve the proper composition. This mixture is then 

fed to the kilns. 

In the kilns slurry and dry raw materials are burned to form clinker, which is 

then blended with a small amount of gypsum, ground into fine powder and stored. 
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Emission Sources and Controls. Cement production is a potential source of 

manganese emissions because manganese can be a component of the raw materials and 

because manganese-containing fuels (coal and oil) are burned in the process kilns and 

dryers. 

Manganese emissions consist largely of manganese containing particulate 

originating from the raw materials, and to a lesser extent from fuel combustion. The 

major source of emissions is the rotary kiln with lesser amounts being emitted from the 

grinding mills and the clinker cooler. In the initial grinding stage, emissions are higher at 

dry-process plants than at wet-process plants. The most common control devices used are 

electrostatic precipitators for kiln exhaust gases and baghouses for grinding operations. 

Emissions. Few direct measurements of manganese emissions from cement 

plants have been made; however, total particulate emissions from each stage of the 

process have been reported and the manganese content of emissions has also been 

measured (7). Manganese emission factors were developed by multiplying particulate 

factors by the percentage of manganese in particulate emissions, which was 0.05% 

(Table 7) (7). 

TABLE 7 MANGANESE EMISSION FACTORS FOR CEMENT PLANTS 

Emission Source Control 
Mn Emission Factor 
(kg/kt of cement produced) 

Dry Process Kilns 

Dryers and Grinders 

Wet Process Kilns 

Dryers and Grinders 

Clinker Cooler 

- uncontrolled 

-ESP 

- fabric filter 

- uncontrolled 

- uncontrolled 

-ESP 

- uncontrolled 

- fabric filter 

- gravel bed 

- wet scrubber 

61 

0.0105 to 0.0625 

0.0065 to 0.062 

2* 

57 

0.01 to 0.071 

0.02*5 to 0.066 

8 

0.0025 to 0.03 

0.011 to 0.022 

0.011 

l 
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In 198*, Canada produced approximately 9.2 x 10^ tonnes of portland and 

masonry cement (23). Based on the emission factors, the appropriate control technologies 

and the production of cement, emissions were estimated at 7 tonnes for 198*. 

2.8 Metallurgical Coke Manufacturing 

Coke is formed by subjecting low sulphur, low ash coals to indirect heating in 

long, thin ovens called batteries for 1*.5 to 17 hours. The heat drives off the volatile 

constituents of coal such as benzene and napthalene. Most of the volatile constituents are 

condensed and recovered as by-products and gas. The hot residue, known as coke, is water 

quenched and dried. 

In 198*, Canada consumed 6.5 million tonnes of metallurgical coal and 

produced *.9 million tonnes of coke (2*). About 95% of the coke produced in Canada is 

manufactured via the by-product process. 

Emission Sources and Controls. Emissions from coke making are attributable 

to handling, crushing and blending of coals, charging of coal in incandescent ovens, 

quenching of hot coke and handling and screening of coke. It is assumed though that most 

of the manganese contained in coal is volatilized during coking and removed where they 

exist, in the scrubbing/cooling towers. Therefore, manganese emissions to the atmosphere 

mainly occur during coal handling operations. 

Emissions. Several assumptions have been made in estimating emissions. 

Since the coal handling operations are low-temperature processes, the content of the 

particulate emissions should be similar to that of coal. It has been reported (25) that 

approximately 0.75 kg of particulates are emitted to the atmosphere per tonne of coke 

produced and the manganese content of appalachian coals range from 5-55 ppm (7). Total 

emissions from coke manufacturing in 198* are estimated at less than one t o n n e / \ 

2.9 Welding Rods 

Some welding rods and coatings contain manganese. Aluminum welding rods 

contain about 1.5% manganese and coatings of other rods contain about 10% manganese. 

Manganese is added to aluminum welding rods as a general purpose alloy. 

To make aluminum welding rods, aluminum-rich alloy ingot containing the 

manganese is added to a charge of aluminum and alloy scrap in a reverberatory furnace 

(at 760°C). After melting, the material flows to a trough and is tapped and poured into 

ingots. The ingots are cooled, and then reheated and rolled in a blooming mill. The 

product is sent to a rod mill and finished by forging, swaging or draw benching. 
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Emissions occur during the melting operation that produces the core and also 

from the drying and baking of the fluxes on the rods. 

Information on the quantity of manganese consumed in welding rod production 

was not available. However, emissions were estimated at less than one tonne based on 

industry controls, an uncontrolled emission factor of 8 kg/tonne of Mn processed, produc­

tion of welding rods and proration of manganese used in welding rods in the United States 

(26). 

2.10 Nonferrous Alloy Industry 

Manganese is alloyed with nonferrous metals such as aluminum, magnesium, 

copper and zinc, and copper and nickel. Manganese is used to make ship propellers, as 

well as copper-based electrical resistance alloys. Bronze, produced from manganese 

alloyed with copper and zinc, contains up to *% manganese. In smaller proportions it is 

added to corrosion-resisting aluminum alloys and to welding-rod coatings or flux cores (2). 

Nickel-aluminum bronzes containing 1.5% manganese are being used in some marine 

applications in place of manganese bronze. 

In 198*, approximately *5% of the Mn metal imports (1355 tonnes) were 

consumed by the nonferrous alloy industries, primarily the aluminum alloy producers (1). 

Emissions of manganese from the nonferrous alloy industry were estimated at less than 

one tonne for 198*. This figure was derived based on an uncontrolled emission factor of 

6 kg/tonne of Mn processed and the appropriate emission controls in the aluminum 

industry (26). 

2.11 Miscellaneous Sources 

2.11.1 Manganese Metal. Emissions of manganese during the production of manga­

nese metal result from the handling, grinding, and roasting of the Mn ore. Since all the 

manganese metal consumed in Canada is imported (1) and the production of Mn metals is 

zero, no emissions of manganese are attributable to this industry. 

2.11.2 Chemicals. Manganese ore, mainly the dioxide form is used in the chemical 

industry as an oxidizing agent in the production of hydroquinone, potassium permanganate, 

manganese sulphate, manganese chloride, manganese oxides and others (26). Emissions do 

result from these industries; however, Statistics Canada and Energy, Mines and Resources 

do not report the manufacture of any manganese chemicals in Canada (2, 27, 28). 

Emissions for chemical production, therefore, are estimated to be zero. 
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2.11.3 Others. Manganese and its compounds are also used in the production of 

fertilizers, animal and poultry feed, pharmaceuticals, brits, glass, ceramics, colouring 

effects to face bricks, paint driers, oxidants and ferrites used in magnets. These 

chemicals are also employed in air pollution control and in water treatment (26). No data 

were available on the use of these chemicals in Canada. Emissions from their use have 

been estimated where information was available. 
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3 EMISSIONS FROM FUEL COMBUSTION - STATIONARY SOURCES 

3.1 Power Generation 

In 1985, electricity generated by coal-fired stations accounted for 5*.6% of 

total thermal generation; oil-fired, *.9%; natural gas, 1.3%; and nuclear, 39.2%. Hydro-

powered generation accounted for 67.1% of the total generation of **6 *13 GWh (29). 

Two basic systems are used to generate thermal power from fossil fuels: steam 

generation and internal combustion (gas turbine and reciprocating engines). Steam turbine 

boilers are fired with coal, heavy fuel oil, crude oil or natural gas (initial steam may be 

raised by light fuel oil, natural gas, kerosene or diesel oil), whereas reciprocating engines 

use light oil, natural gas, a combination of both or diesel oil. 

Emission Sources and Controls. Manganese emissions from combustion proces­

ses depend on the manganese content of the fuel fired, the distribution of manganese 

between boiler fly ash and bottom ash and the manganese content of the fine fly ash. 

Manganese is found only in light oils, heavy oils and coal (7). 

Manganese concentrations in North American coals range from 3.8 to 526 ppm 

(30, 31). Manganese concentrations in crude oil are much lower, ranging from 0.005 to 

l.*5 ppm and averaging 0.21 ppm for U.S. crude oils (26). The manganese content in 

residual fuel oils averages about 0.16 ppm and 0.01 ppm for distillate oil (7). 

The fate of trace elements from the combustion process can be classified by 

one of three categories: 

1) approximately equal distribution between fly ash and bottom ash; 

2) preferential distribution in the fly ash; and 

3) discharge to the atmosphere primarily as vapours. 

Generally, manganese emissions from coal combustion fall under Category 1; 

however, studies have shown Category 2 behaviour when cold-side precipitators are used 

(7). Manganese emissions from oil combustion generally fall into Category 2, primarily 

because little bottom ash is formed in the oil combustion process. The size distribution of 

manganese concentrations in the fly ash is an important consideration because this 

determines the efficiency of particulate capture. 

All the large coal-fired generating stations are equipped with electrostatic 

precipitators for particulate control. Efficiencies range from 9*.2% to 99%. Cyclones of 

70% efficiency are used at some and one station uses a high efficiency fabric filter (32). 
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Emissions. Emissions from coal-fired stations were estimated based on the 

type and consumption of coal by the individual stations (33, 3*), the manganese content 

associated with the type of coal consumed (35, 36, 37), actual source testing data and 

emissions from four Canadian power plants (38), and emission factors developed from the 

literature (7). A summary of emission factors for coal and oil fired utility boilers is given 

in Table 8. It should be noted that these emission factors are general and as such they 

may not apply to every station. 

TABLE 8 

Fuel type 

Bituminous 
coal 

Anthracite 
coal 
Lignite 
coal 

Residual 
oil 

EMISSION FACTORS FOR MANGANESE FROM COAL AND OIL 
COMBUSTION: 

Furnace type 

- pulverized, 
dry-bottom 

- pulverized, 
wet-bottom 

- cyclone 

- stoker 

- pulverized 
- stoker 
- pulverized, 

dry-bottom 
- pulverized 

wet-bottom 
- cyclone 

- stoker 

- tangential 

- wall 

UTILITY BOILERS 

Control device 

- electrostatic precipitator 
- scrubber 
- none 

- electrostatic precipitator 

- electrostatic precipitator 
- scrubber 
- none 
- multicyclones 

- electrostatic precipitator 
- multicyclones 
- electrostatic precipitator 

- electrostatic precipitator 

- electrostatic precipitator 
- multicyclones 
- multicyclones 

- electrostatic precipitator 
- none 

- electrostatic precipitator 
none 

Manganese emission 
factor(pg/J) 

*1.3 
*8.2 
98.0 

33.5 

26.1 
5*.2 
98.0 
*7.3 

*1.3 
*7.3 
18.1 

1*.7 

57.2 
711 

*7.3 

2.2 
11.0 

2.2 
11.0 

For oil-fired stations, emissions were based on the fuel consumed, the energy 

content of the fuel, the appropriate boiler type and the corresponding emission factor (32, 

33). Manganese emissions from power generation in 198* were estimated to be 1* tonnes. 



P.54 

26 

3.2 Industrial Fuel Combustion 

In 198*, approximately 1 615 000 tonnes of coal, 3 789 000 m3 of heavy oil, 

and 685 000 m3 of light oil were used for industrial purposes (33). 

Manganese is present in emissions resulting from the combustion of fuels at 

industrial facilities. The types of fuels used that contain manganese and their 

corresponding emission factors are presented in Table 9. Based on these emission factors 

(7), the quantity of fuels consumed (3*) and the appropriate energy content, manganese 

emissions for 198* from fossil-fuel fired industrial boilers were estimated to be three 

tonnes. 

TABLE 9 EMISSION FACTORS FOR MANGANESE FROM COAL AND OIL 
COMBUSTION: INDUSTRIAL BOILERS 

Fuel Type Furnace Type Control Device 
Manganese Emission Factor 
Pg/3 

Bituminous Coal 

Residual Oil 

- pulverized 

- stoker 

- tangential 

- wall 

- multicyclones 
- scrubber 

- multicyclones 

- scrubber 

- none 

- scrubber 

- none 

29.* 
6.3 

*7.3 

1.3 

6.5 
1.3 

6.5 

Light Oil none .6 

3.3 Commercial Fuel Combustion 

Approximately *2 000 tonnes of coal, 753 000 m^ of heavy oil, and 

1 631 700 m^ of light oil were used for commercial purposes in 198* (33). 

The most common fuels used in commercial establishments are heavy oil, light 

oil, diesel oil, kerosene and a small amount of coal. Of these only heavy oil, light oil and 

coal contain manganese (Table 10). 

Emissions of manganese from commercial institutions for 198* were estimated 

to be 3*0 kg, based on the amount of fuels consumed and the appropriate emission factors. 
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TABLE 10 EMISSION FACTORS FOR MANGANESE FROM COAL AND OIL 
COMBUSTION: COMMERCIAL BOILERS 

Fuel Type Furnace Type Control Device Mn Emission Factor (pg/3) 

Bituminous Coal 
Residual Oil 

Distillate Oil 

stoker 
all 

all 

none 
none 

none 

111 
6.5 

0.6 

3»ty Residential Fuel Combustion 

In Canada in 198*, approximately 152 000 tonnes of coal, 89 100 m^ of heavy 

oil, and * 893 000 m^ of light oil were used by domestic dwellings (33). 

Fuel consumption figures for heavy fuel oil, light fuel oil and coal (33) along 

with the appropriate emission factors found in the l i terature (7) were used to est imate 

emissions of manganese for 198* at 3 tonnes. The emission factors presented in Table 11 

are based on available information and should only be used as guidelines; emissions from 

specific sources may vary considerably. A breakdown by fuel type from fuel combustion 

at stationary sources is shown in Figure *. 

TABLE 11 EMISSION FACTORS FOR MANGANESE FROM COAL AND OIL 
COMBUSTION: RESIDENTIAL BOILERS 

Fuel Type Furnace Type Control Device Mn Emission Factor (pg/3) 

Bituminous Coal all 

Anthracite Coal all 

Lignite Coal all 

Distillate Oil all 

Heavy Oil all 

none 

none 

none 

none 

none 

2150 

66.2 

*30 

0.6 

6.5 
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COAL HEAVY OIL LIGHT OIL 

TONNES 

UTILITIES INDUSTRIAL COMMERCIAL RESIDENTIAL 

SECTOR 

TOTAL 20 TONNES 

FIGURE * MANGANESE EMISSIONS BY FUEL TYPE FROM FUEL COMBUSTION 
AT STATIONARY SOURCES (198*) 
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* EMISSIONS FROM FUEL COMBUSTION - TRANSPORTATION SOURCES 

*„1 Motor Vehicles and Off road Use of Gasoline 

Emissions from all gasoline-powered vehicles driven on public roads, including 

automobiles, trucks, buses and motorcycles are covered in this section. Emissions of 

manganese from gasoline consumption by agricultural, construction and forestry equip­

ment have also been considered. 

Gasoline and diesel oil do not normally contain manganese. It is due to the 

addition of octane enhancers such as Methylcyclopentadienyl Manganese Tricarbonyl 

(MMT), LP62, and LP*6 that gasoline contains manganese. Manganese carbonyls are also 

used as smoke suppressants in diesel fuels, residual fuel oils and jet fuels. 

In 198*, Canada imported additives equivalent to 866 tonnes of MMT (39). The 

physical properties of MMT and additives are given in Table 12. 

ty.1.1 Emission Sources and Controls. Most of the additives (about 99%) are burned 

along with the fuel and the manganese is converted to the oxide, Mn30^(7, *0). 

Manganese in unburned and spilled fuel is rapidly converted to manganese oxides and 

carbonates (7). 

Several studies have been made concerning the effects of MMT on emission 

control devices and emissions. The results of these studies are quite varied (*1,*2,*3). A 

recent report (*3), prepared by a working group of the Canadian General Standards Board 

Gasoline and Alternate Fuels Committee, in which numerous studies were examined, 

concludes that the presence of MMT in commercial gasolines has no detectable effect on 

carbon monoxide or nitrogen oxide emissions. Hydrocarbon (HC) emissions, however, 

should increase on average from 0.03 to 0.11 g/mile due to the presence of MMT. 

The major conclusions in this report were based on two test programs: Co­

ordinating Research Council (CRC) study (*2) conducted on 63 vehicles in 1977 and 1978; 

and a 198* Environment Canada study conducted on 16 Cadillacs equipped with oxidation 

catalysts in conjunction with three-way catalysts. 

The results of the Environment Canada study indicated that these cars would 

not exceed the proposed hydrocarbon emission level of 0.25 g/km when test results were 

extrapolated to 80 500 km. Conclusions on hydrocarbon emission increase due to MMT in 

the gasoline could not be established, however, because no base-line data for similar 

vehicles operating on clear fuels are available. 



P.58 

30 

TABLE 12 PHYSICAL PROPERTIES OF MMT AND ADDITIVES (39) 

MMT (CH3C5H^Mn(CO)3) 

Weight % MMT 

Weight % Solvent 

Volume % MMT 

Volume % Solvent 

Manganese, wt % (minimum) 

Colour 

Form 

Density at 20 °C 

Freeze Point (initial) 

Flash Point (TCC) 

Vapour Pressure at 0°C 

Viscosity at 20 °C 

g/L (elemental Mn/compound) 

g/kg (elemental Mn/compound) 

MMT 

100 

-

100 

-

2*.* 

Orange 

Liquid 

0.00138 kg/m3 

-rc 
96°C 

5.87 Pa 

0.0052 Pa-s 

337 

22* 

LP62 

62 

38 

50 

50 

15.13 

Orange 

Liquid 

0.00111 kg/m3 

-22 °C 

52°C 

198.65 Pa 

0.0015 Pa°s 

169 

152 

LP*6 

*6 

5* 

3* 

66 

11.22 

Orange 

Liquid 

0.00702 kg/m3 

-29°C 

*8°C 

261.31 Pa 

0.0012 Pa-s 

115 

112 

The CRC study also concluded that catalyst plugging and spark plug life were 

not affected by MMT. 

On the basis of these results, the working group recommended that MMT be 

retained at current levels in Canadian unleaded gasoline (*3). 

4.1.2 Emissions. Data are not available on the actual percentage of manganese 

from MMT that is exhausted. Only about 0.1% of MMT is emitted unburned from the tail 

pipe (7). Most of the manganese is converted to Mn^Oi^. In Canada, the recommended 

limit for MMT additives in gasoline is 18 mg Mn/L for both leaded and unleaded fuels. 

Some provinces have adopted this level in their regulations (**). Based on a manganese 

content of 2*.*% in MMT (*5), the amount of MMT imported into Canada and 

conservatively assuming that all manganese is exhausted to the atmosphere, emissions of 

Mn for 198* were estimated to be 211 tonnes. This estimate compares favourably with 

one made using gasoline sales data for 198*, (*6) combined with measured quantities of 

manganese in leaded and unleaded gasolines (*7, *8). Estimates of emissions from the 

combustion of MMT-containing gasolines for the past few years, are given in Section 7. 
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*.2 Aircraft 

Aircraft considered in this section have the reciprocating (piston) engine 

commonly associated with small, light-weight aircraft. 

Emissions of manganese were assumed to be zero since no manganese additives 

were reported in aviation gasoline. The quantities of manganese consumed in jet fuels are 

unknown and therefore emissions have not been estimated from this source. 

*.3 Gasoline Outboard Motors 

Emissions to the atmosphere from gasoline outboard motors were not 

estimated due to insufficient data. However, because the concentration of manganese in 

leaded gasoline is less than unleaded (*8), the quantities of gasoline consumed by marine 

engines are a small fraction of the total gasoline consumed, and most exhaust from 

outboard engines is underwater, emissions are considered negligible. 
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5 EMISSIONS FROM WASTE INCINERATION 

5.1 Munidpal Ref use Indneration 

Municipal incineration is a process that reduces the volume of solid waste by 

burning. Some incinerators are best suited for incineration of a waste with particular 

physical characteristics. Typical municipal refuse inanerators consist of either refrac­

tory-lined or water-walled combustion chambers with a grate upon which refuse is burned. 

The manganese-laden exhaust gases are commonly sent to a control device before being 

emitted to the atmosphere. 

Emission Sources and Controls. Manganese emissions from municipal refuse 

are a function of: 

1) the manganese concentration of the refuse; 

2) the amount of manganese adsorbed on particulates or volatilized in the gas stream; 
and 

3) the type of air pollution controls used (*9). 

The combustion temperature of the incinerator can influence the volatilization 

of the manganese species and increase emissions. The control systems used on munidpal 

inanerators range from systems that simply reduce gas velocity in settling chambers to 

sophisticated electrostatic precipitators that remove up to 99% of all particulate matter 

(*9). 

Emissions. Emissions were estimated based on the quantity of refuse 

incinerated by each plant, an emission factor of 0.020 kg/t of waste for uncontrolled 

emissions (26), 0.005 kg/t of waste for controlled emissions (7) and in the case of the 

P.E.I, incinerator 0.0011 kg/t of waste (50). 

In 1985, approximately 909 000 tonnes of refuse were disposed of in Canadian 

inanerators. Total manganese emissions from municipal refuse incineration in 1985 were 

estimated to be 5 tonnes. 

5.2 Sewage Sludge Indneration 

Sewage sludge is a by-product of sewage treatment processes. In the 

incineration process, sludge is freed of moisture prior to combustion and the temperature 

is elevated to the ignition point. Air and auxiliary fuel may be required to support and 

maintain combustion. The residual inorganic ash is then cooled and disposed of. Multiple-
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hearth furnaces were used at three incineration facilities while fluidized bed inanerators 

were used at the remainder. The furnace is the major source of particulate emissions. 

Emission Sources and Controls. As with municipal refuse indneration, 

manganese emissions from sewage sludge indneration are a function of the manganese 

concentration of the sludge, the amount of manganese adsorbed on particulate matter, or 

volatilized in the gas stream and the air pollution controls used. Concentrations of 

manganese in municipal sewage vary widely, depending on the sewered industrial 

population, the mixing of storm and sanitary sewage and the amount of infiltration of 

material other than sewage sludge (*9). 

Emissions. Trace amounts of manganese have been found in sewage sludge 

ranging from 100 to 8800 ppm (7). Based on the quantity of sludge incinerated, emissions 

were calculated using manganese emission factors given in Table 13. 

In 1985, approximately 111 000 tonnes of sewage sludge were incinerated in 

Canada. Total manganese emissions from sewage sludge incineration in 1985 were 

estimated to be less than one tonne. 

TABLE 13 EMISSION FACTORS FOR MANGANESE FROM MUNICIPAL REFUSE 
AND SEWAGE SLUDGE INCINERATORS 

Indnerator Type Control Device 
Mn Emission Factor 
kg/t of waste incinerated 

Municipal Refuse 

Municipal Refuse 

Sewage Sludge 
(multiple-hearth) 

Sewage Sludge 
(fluidized bed) 

- none 0.020 

- electrostatic predpitators 0.005 

- wet scrubber 0.002 

- wet scrubber 0.0003 
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6 EMISSIONS FROM MISCELLANEOUS SOURCES 

6.1 Gasoline Marketing 

In addition to the inorganic emissions of manganese created by the combustion 

of gasoline containing MMT, organic manganese emissions may occur during the handling 

of gasoline. The evaporation of MMT and other manganese carbonyls, however, is 

probably not a source of significant manganese air emissions. 

Commercial MMT is a liquid that solidifies at -1°C and has a boiling point of 

233°C (7). The flash point is 96°C and the density is 1.38 g/mL. Typically, gasoline is 

90% distilled at 167°C and the dry point is 209°C (51). Therefore, MMT is appredably 

less volatile than gasoline. 

Since no emission factors have been developed for emissions of manganese due 

to evaporation, emissions have not been estimated. Because of the low volatility of MMT 

in comparison with gasoline though, evaporative losses from fuel tanks are not considered 

a significant source of manganese emissions. 

6.2 Pestidde Application 

In 1985, approximately 1380 tonnes of Maneb and Mancozeb (manganese-

containing pesticides) were sold in Canada. Both pesticides are used as fungicides and are 

very similar in chemical composition. The only difference is that Mancozeb contains zinc 

and is a superior fungicide. Their main applications are in the control of specified fungal 

diseases on turf and vegetables including potatoes and tomatoes as well as the control of a 

variety of insects and fungal diseases on roses and flowers (52). 

When considering the emissions resulting from the use of pesticides it is 

important to consider all the parameters that determine the percentage 'drift' (i,e., the 

amount of pesticide that escapes the target area). The factors that affect drift are 

droplet size of the liquid, wind speed, temperature, foliage, density, humidity, and 

operator skill. 

Pesticide application is dependent upon chemical makeup and desired effect. 

Losses during aerial application range from 10% to 50% (53). In fruit tree spraying the air 

emission may be 50% early in the season when the leaves are small but as the leaf cover 

increases the drift decreases. Other types of application have a loss of about 10%. 

Based on a 10% drift loss and a manganese concentration of approximately 

20% in Mancozeb (52), emissions from pesticide application for 1985 are estimated to be 

28 tonnes. 
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7 EMISSION TRENDS 

The magnitude of manganese emissions depends mainly on three sectors: 

ferroalloy production, iron and steel production, and gasoline-powered motor vehicles. In 

198* these three sectors accounted for 92% of the total manganese emissions. 

This report is the first published report on emissions of manganese in Canada. 

An earlier study (1972) was commissioned by Environment Canada for internal purposes; 

however, any comparisons with that study and this, should be made carefully. The 1972 

estimates were made assuming no emission controls for either the ferroalloy or the iron 

and steel industries. Consequently, the emission estimates are several times greater than 

those given in this report. Emissions from gasoline-powered motor vehicles were 

estimated as negligible in 1972. It was not until 1976 that MMT first appeared in motor 

gasolines and 1977 that significant emissions occurred. 

The general trend in emissions though, closely follows the activity in the 

ferroalloy and iron and steel industries, since together these industries accounted for 75% 

of the total emissions in 198* and about 80% in 1985. Although the combustion of MMT-

containing gasolines contributes a significant proportion of the total emissions of 

manganese, emissions from this sector have remained relatively constant throughout the 

1980s. In fact, although emissions increased by 10 tonnes from 198* to 1985, the 

contribution of this sector to the total declined from 17% to 1*%. 

Figure 5 illustrates the trend in emissions of manganese from the combustion 

of MMT containing gasolines. These are conservative estimates based on the assumption 

that all of the manganese contained in the fuel is emitted and on information provided by 

Ethyl Canada (*6). 

The maximum possible emissions of manganese from gasoline combustion are 

estimated to be 518 tonnes. This figure is based on 1985 gasoline production figures and a 

manganese content of 18 mg Mn/L of gasoline. This is the current limit set by the 

Canadian General Standards Board. However, emissions are unlikely to reach this level 

until leaded gasoline is phased out, since current levels of manganese average 3 mg/L and 

13 mg/L in leaded and unleaded gasolines, respectively. 
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FIGURE 5 ESTIMATED EMISSIONS OF MANGANESE FROM GASOLINE 
COMBUSTION (1975-1985) 
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emise dans I'atmosphere peut §tre de 50 p. 100 au debut de la saison, alors que les feuilles 

sont petites, mais a mesure que la surface foliaire augmente, la derive diminue. Dans 

d'autres types d'utilisations, on note une perte d'environ 10 p. 100. 

En se basant sur un facteur de perte de 10 p. 100 et sur une teneur en 

manganese d'environ 20 p. 100 dans le cas du Mancozeb (52), on a evalue a 28 tonnes les 

emissions causees par l'utilisation des pesticides en 1985. 
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7 TENDANCES DES ^MISSIONS 

L'importance quantitative des emissions de manganese depend principalement 

de trois secteurs: la production de ferro-alliages, la production de fer et d'acier et les 

vehicules a moteur essence. Au Canada, ces trois secteurs ont produit 92 p. 100 des 

emissions de manganese en 198*. 

Le present rapport est le premier publie sur les emissions de manganese au 

Canada. Une etude anterieure (1972) a ete commandee par Environnement Canada a des 

fins internes; toutefois, toute comparaison entre la premiere etude et celle-ci exige 

certaines precautions. Les evaluations de 1972 etaient basees sur I'hypothese selon 

laquelle aucun equipement antipollution n'etait utilise dans I'industrie des ferro-alliages ou 

dans I'industrie du fer et de I'acier. Les evaluations des emissions avaient ete de beaucoup 

superieures a celles qui sont indiquees dans le present rapport. Les emissions des vehicules 

a moteur essence etaient considerees comme negligeables en 1972. Ce n'est qu'en 1976 

que le MMT a fait son apparition dans l'essence, et ce n'est qu'en 1977 que des emissions 

ont ete observees en quantite importante. 

Les tendances generates des emissions suivent l'activite des industries des 

ferro-alliages, du fer et de I'acier, puisque ces industries produisaient 75 p. 100 des 

emissions totales en 198*, et environ 80 p. 100 de celles-ci en 1985. Bien que la 

consommation d'essence au MMT contribue dans une proportion appreciable a l'ensemble 

des emissions de manganese, les emissions de ce secteur sont demeurees relativement 

constantes au cours des annees 1980. En fait, bien que l'ensemble des emissions ait 

augmente de 10 tonnes de 198* a 1985, la part attribuable a la consommation d'essence au 

MMT est passee de 17 a 1* p. 100. 

La figure 5 illustre les tendances des emissions de manganese provenant de la 

consommation d'essence au MMT. II s'agit d'evaluations prudentes fondees sur I'hypothese 

selon laquelle tout le manganese contenu dans l'essence est rejete dans I'atmosphere, et 

sur des informations fournies par Ethyl Canada (*6). 

Les quantites maximales possibles d'emissions de manganese provenant de la 

consommation d'essence sont evaluees a 518 tonnes. Cette valeur est basee sur la 

production d'essence de 1985 et sur une teneur en manganese de 18 mg de Mn/l d'essence. 

II s'agit de la limite actuelle etablie par l'Office des normes du generates du Canada. II est 

vraisemblable que les emissions se maintiendront a ce niveau jusqu'a l'elimination de 

l'essence au plomb, etant donne que les teneurs actuelles en manganese sont 

respectivement de 3 mg/l et 13 mg/l pour les essences au plomb et sans plomb. 
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^MISSIONS DUES A LA CONSOMMATION DE COMBUSTIBLES-
SOURCES MOBILES 

4.1 Consommation d'essence par les vehicules routiers et autre materiel roulant 

Les emissions des vehicules routiers a essence (automobiles, camions, autobus 

et motocyclettes) sont decrites dans le present chapitre. Les emissions de manganese 

provenant de la consommation d'essence par le materiel agricole, de construction et 

d'exploitation forestiere ont egalement ete examinees. 

L'essence et le carburant diesel ne contiennent pas de manganese normale-

ment. On en trouve cependant a cause de l'addition dans l'essence d'agents antidetonants 

comme le manganese-tricarbonyle methylcyclopentadienyle (MMT), le LP62 et le LP*6. 

Des derives de manganese-carbonyle sont aussi utilises comme agent anti-fumee dans les 

carburants diesel, les huiles residuelles et les carbureacteurs. 

En 198*, le Canada a importe des quantites d'additifs equivalant a 866 tonnes 

de MMT (39). Les proprietes physiques du MMT et des additifs sont decrites au 

tableau 12. 

4.1.1 Sources des emissions et moyens de lutte. La plus grande partie des additifs 

(environ 99 p. 100) est brOlee avec le carburant et le manganese est converti en oxyde, 

Mn30if (7, *0). Le manganese ne brGle pas et le carburant repandu est rapidement converti 

en oxydes et en carbonates de manganese (7). 

Plusieurs etudes ont ete consacrees aux effets du MMT sur les dispositifs 

antipollution et sur les emissions. Les resultats de ces etudes varient considerable-

ment (*1, *2, *3). 

Un rapport recent (*3), prepare par un groupe de travail du Comite sur 

l'essence et les combustibles de rechange de l'Office des normes generates du Canada, 

dans lequel de nombreuses etudes ont ete examinees, a conclu que la presence de MMT 

dans les essences du commerce n'avait pas d'effets decelables sur les emissions de 

monoxyde de carbone ou d'oxydes d'azote, Toutefois, les emissions d'hydrocarbures (HC) 

peuvent augmenter d'une valeur moyenne de 0,03 a 0,11 g/mille a cause de la presence de 

MMT. 

Les principales conclusions de ce rapport s'appuyaient sur deux series de tests: 

la premiere faite dans le cadre d'une etude (*2) du Coordinating Research Council (CRC) 

et portant sur 63 vehicules en 1977 et 1978; la seconde menee en 198* par Environnement 

Canada sur 16 voitures de modele Cadillac munies d'un catalyseur a oxydation couple a un 

catalyseur a trois votes. 
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TABLEAU 12 PROPRIETES PHYSIQUES DU MMT ET DES ADDITIFS DE 
CE TYPE (39) 

MMT (CH3C5H4 Mn(CO)3) 

Pourcentage massique de MMT 

Pourcentage massique de solvant 

Pourcentage volumique de MMT 

Pourcentage volumique de solvant 

Pourcentage massique minimal de Mn 

Couleur 

£tat 

Masse volumique a 20 °C 

Point de congelation (initial) 

Point d'eclair (v.c.) 

Tension de vapeur a 0 °C 

Viscosite a 20 °C 

g/1 (Mn elementaire/compose) 

g/kg (Mn elementaire/compose) 

MMT 

100 

100 

2*,* 

Orange 

Liquide 

0,00138 kg/m3 

- 1 °C 

96 °C 

5,87 Pa 

0,0052 Pa • s 

337 

22* 

LP62 

62 

38 

50 

50 

15,13 

Orange 

Liquide 

0,00111 kg/m^ 

-22 °C 

52 °C 

198,65 Pa 

0,0015 Pa • s 

169 

152 

LP*6 

*6 

5* 

3* 

66 

11,22 

Orange 

Liquide 

0,00702 kg/m3 

-29 °C 

*8 °C 

261,31 Pa 

0,0012 Pa • s 

115 

112 

Les resultats de l'etude d'Environnement Canada ont indique que les emissions 

d'hydrocarbures de ces vehicules ne depasseraient pas la limite recommandee de 

0,25 g/km si elles etaient extrapolees en fonction d'une distance de 80 500 km. II n'a pu 

§tre etabli que la presence de MMT dans l'essence provoquait une hausse des emissions 

d'hydrocarbures, faute de donnees de reference pour des vehicules semblables utilisant une 

essence sans MMT. 

L'etude du CRC conclut que la presence de MMT n'avait pas d'effet sur 

l'obstruction du catalyseur et la duree de vie des bougies. 

Sur la foi de ces resultats, le groupe de travail recommanda que la teneur en 

MMT de l'essence sans plomb demeure inchangee au Canada (*3). 

*.1.2 Amissions. On ne dispose pas de donnees sur le pourcentage actuel de 

manganese provenant du MMT rejete. Seulement environ 0,1 p. 100 du MMT est rejete 

sans avoir ete brOle dans les gaz d'echappement (7). La plus grande partie du manganese 

est convertie en Mn30^. Au Canada, la limite recommandee pour les additifs a base de 

MMT dans l'essence est de 18 mg/l pour les carburants avec ou sans plomb. Cette teneur 
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maximale est devenue reglementaire dans certaines provinces (**). En se basant sur une 

teneur en manganese de 2*,* p. 100 pour le MMT (*5), la quantite de MMT importe au 

Canada et I'hypothese (prudente) selon laquelle tout le manganese est rejete dans 

I'atmosphere, les emissions de Mn pour 198* ont ete evaluees a 211 tonnes. Cette 

evaluation se compare favorablement a une autre, basee sur les ventes d'essence en 

198* (*6), combinee avec des mesures du manganese dans les essences au plomb et sans 

plomb (*7, *8). Le lecteur trouvera au chapitre 7 des evaluations de la quantite des 

emissions de Mn, au cours des dernieres annees, attribuables a la consommation d'essence 

contenant du MMT. 

*.2 Aeronefs 

Dans la presente section, les aeronefs examines sont pourvus de moteurs a 

mouvement alternatif (a pistons) qu'on retrouve principalement dans les petits appareils. 

On estime que les emissions de manganese sont nulles, etant donne qu'on ne 

signale aucun additif au manganese dans l'essence d'aviation. Comme les teneurs en Mn 

des carbureacteurs ne sont pas connues, aucune evaluation n'a ete faite des emissions des 

avions reactes. 

&>3 Moteurs hors-bord a essence 

Les emissions dans I'atmosphere des moteurs hors-bord a essence n'ont pas ete 

evaluees a cause du manque de donnees. Toutefois, parce que la teneur en manganese de 

l'essence au plomb est inferieure a celle de l'essence sans plomb (*8), parce que la 

quantite d'essence consommee par les moteurs des embarcations ne represente qu'une 

faible portion de toute l'essence consommee et parce que la plus grande partie de 

l'echappement des moteurs hors-bord se fait sous l'eau, on a considere que ces emissions 

etaient negligeables. 
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5 EMISSIONS PROVENANT DE L'INCINERATION DE DECHETS 

5.1 Incineration de residus urbains 

L'incineration municipale est un procede qui reduit le volume des dechets 

solides. Certains incinerateurs sont mieux adaptes a l'incineration de certains dechets 

ayant des caracteristiques physiques particulieres. Les incinerateurs municipaux types 

sont des fours a garnissage refractaire ou a parois refroidies a l'eau, pourvus d'une grille 

sur laquelle les dechets sont brflles. Les gaz d'echappement comportant du manganese 

passent generalement par un dispositif d'epuration avant d'etre rejetes dans I'atmosphere. 

Sources des emissions et moyens de lutte. La quantite de manganese emis au 

cours de l'incineration des residus urbains (ordures menageres) varie suivant: 

1) la teneur en manganese des residus; 

2) la quantite de manganese adsorbe sur les particules ou volatilise dans l'effluent 
gazeux; 

3) le type de dispositif antipollution utilise (*9). 

La temperature de combustion de l'incinerateur peut influer sur le processus 

de volatilisation des especes de manganese et augmenter les emissions. Les dispositifs 

antipollution utilises dans les incinerateurs municipaux vont de systemes qui reduisent 

simplement la vitesse des gaz dans des enceintes a des electrofiltres perfectionnes qui 

retiennent jusqu'a 99 p. 100 de toutes les particules (*9). 

Emissions. Les emissions ont ete evaluees en se basant sur la quantite de 

residus incineres par chaque usine, sur un facteur d'emission de 0,020 kg/t de residus pour 

les emissions brutes (26), de 0,005 kg/t de residus pour les emissions epurees (7) et, dans le 

cas de l'incinerateur de l'T.-P.-E., sur une valeur de 0,0011 kg/t de residus (50). 

En 1985, environ 909 000 tonnes de residus ont ete brOlees dans les incinera­

teurs canadiens. Les emissions totales de manganese provenant de l'incineration de residus 

urbains ont ete evaluees a 5 tonnes pour 1985. 

5.2 Incineration de boues d'epuration 

Les boues d'epuration sont un sous-produit du traitement des eaux usees. Au 

cours du processus d'incineration, les boues sont assechees avant la combustion et on les 

chauffe jusqu'au point d'allumage. Un apport d'air et un apport auxiliaire de combustible 

peuvent 6tre necessaires pour entretenir la combustion. Les cendres inorganiques et 

residuelles sont ensuites refroidies et eliminees. Les fours a foyers multiples ont ete 
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utilises dans trois usines d'incineration, alors que les autres utilisaient des fours a lit 

f luidise. Le four est la principale source d'emission de particules. 

Sources des emissions et moyens de lutte. Comme dans le cas de l'incineration 

des residus urbains, la quantite des emissions de manganese provenant de l'incineration des 

boues d'epuration varie suivant la teneur en manganese des boues, la quantite de 

manganese adsorbee sur les particules ou volatilisee dans l'effluent gazeux et le type 

d'equipement antipollution utilise. Les concentrations de manganese dans les eaux usees 

municipales varient fortement, suivant la proportion de dechets industriels, le melange 

d'eaux usees domestiques et pluviales et la quantite d'infiltration de composes autres que 

les boues d'epuration (*9). 

Emissions. Des traces de manganese ont ete mesurees dans les boues d'epura­

tion, soit de 100 a 8800 ppm (7). En se basant sur les quantites de boues incinerees, on a 

calcule les emissions a l'aide des facteurs d'emission indiques au tableau 13. 

En 1985, environ 111 000 tonnes de boues d'epuration ont ete incinerees au 

Canada. Les emissions totales de manganese attribuables a l'incineration de ces boues ont 

ete evaluees a moins d'une tonne pour 1985. 

TABLEAU 13 FACTEURS D'EMISSION DE MANGANESE POUR LES 
INCINERATEURS MUNICIPAUX DE RESIDUS URBAINS ET 
DE BOUES D'EPURATION 

Type d'incinerateur Equipement antipollution 
Facteur d'emission de Mn 
(kg/t de residus brOles) 

Residus urbains 

Boues d'epuration 
(foyers multiples) 

Boues d'epuration 
(lit f luidise) 

- Aucun 
- Electrofiltres 
- Laveur 

- Laveur 

0,020 
0,005 

0,002 

0,0003 
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6 EMISSIONS DE SOURCES DIVERSES 

6.1 Commercialisation de l'essence 

En plus des emissions de composes inorganiques de manganese resultant de la 

combustion de l'essence au MMT, il peut y avoir des emissions de composes organiques de 

manganese au cours de la manipulation de l'essence. L'evaporation du MMT et d'autres 

produits a base de manganese carbonyle, toutefois, n'est probablement pas responsable 

d'emissions importantes de manganese dans I'atmosphere. 

Le MMT du commerce est un liquide se solidifiant a -1 °C et qui bout a 

233 °C (7). Son point d'eclair est de 96 °C et sa masse volumique, de 1,38 g/ml. Dans le 

cas de l'essence ordinaire, 90 p. 100 des hydrocarbures sont distilles a 167 °C et le point 

sec se situe a 209 °C (51). Done, le MMT est beaucoup moins volatil que l'essence. 

Etant donne qu'aucun facteur d'emission n'a ete calcule pour les emissions de 

manganese causees par l'evaporation, celles-ci n'ont pas ete estimees. A cause de la faible 

volatilite du MMT par rapport a l'essence, les pertes par evaporation du reservoir 

d'essence ne sont pas considerees comme des sources importantes d'emission de 

manganese. 

6.2 Utilisation de pesticides 

En 1985, environ 1380 tonnes de Maneb et de Mancozeb (pesticides contenant 

du manganese) ont ete vendues au Canada. Ces deux pesticides sont utilises comme 

fongicides et ont une composition chimique tres semblable, La principale difference est 

que le Mancozeb contient du zinc et a des caracteristiques fongicides superieures. Leur 

principale utilisation est la lutte contre certaines maladies fongiques speciales du gazon 

et des legumes (y compris des pommes de terre et des tomates), ainsi que la lutte contre 

certains insectes et certaines maladies fongiques des roses et des fleurs (52). 

Quand on considere les emissions provenant de l'epandage des pesticides, il est 

important de considerer tous les parametres qui permettent de determiner le pourcentage 

de derive, (c.-a-d. la quantite de pesticides qui va ailleurs que sur la zone cible). Les 

facteurs qui influent sur la derive sont la taille des gouttelettes de liquide, la vitesse du 

vent, la temperature, l'epaisseur du feuillage, la densite, l'humidite et l'habilete de 

l'operateur. 

L'epandage des pesticides depend de la composition du produit chimique et de 

l'effet souhaite. Les pertes qui surviennent au cours de l'epandage aerien varient entre 10 

et 50 p. 100 (53). En ce qui concerne l'epandage sur tes arbres fruitiers, la proportion 
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FIGURE 5 EVALUATIONS DES EMISSIONS DE MANGANESE DUES A 
LA CONSOMMATION D'ESSENCE (1975-1985) 
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matieres premieres utilisees et parce que des combustibles contenant du manganese 

(charbon et mazout) sont brOles dans les fours de grillage et les sechoirs. 

Les emissions de manganese sont surtout constitutes de particules provenant 

des matieres premieres et, dans une moindre mesure, des combustibles utilises. La 

principale source des emissions est le four rotatif, alors que de plus petites quantites sont 

emises par les broyeurs et le refroidisseur des scories. Lors de l'etape initiate du broyage, 

les emissions sont plus fortes dans les cimenteries a procede par voie seche que dans 

celles a procede par voie humide. Les dispositifs antipollution les plus utilises sont les 

electrofiltres pour tes gaz d'echappement des fours de grillage, et tes filtres a manches 

pour les operations de broyage. 

Emissions. Peu de mesures directes des emissions de manganese des cimente­

ries ont ete effectuees; toutefois, les emissions de particules des differentes etapes du 

procede ont ete signalees et la teneur en manganese des emissions a ete mesuree (7). Les 

facteurs d'emission de manganese ont ete calcules en multipliant les facteurs d'emission 

de particules par la teneur en manganese des particules emises, soit 0,05 p. 100 

(tableau 7) (7). 

En 198*, le Canada a produit environ 9,2 x 10*> tonnes de ciment Portland et de 

ciment a maconnerie (23). En tenant compte des facteurs d'emission, de la production de 

ciment et en supposant l'utilisation d'un equipement adequat de lutte contre tes emissions, 

la masse de Mn emis a ete evaluee a 7 tonnes. 

TABLEAU 7 FACTEURS D'EMISSION DE MANGANESE POUR LES CIMENTERIES 

Source Equipement antipollution 
Facteur d'emission 
(kg de Mn/kt de ciment) 

Fours du procede sec 

Sechoirs et broyeurs 

Fours du procede humide 

Sechoirs et broyeurs 

Refroidisseur de clinker 

Aucun 61 
Electrofiltre ^ 0,0105 a 0,0625 
Depoussiereur a couche filtrante 0,0065 a 0,062 

Aucun 

Aucun 
Electrofiltre 

- Aucun 

Depoussiereur a couche filtrante 
Lit de gravier 
Laveur 

2* 

57 
0,01 a 0,071 
0,02*5 a 0,066 

8 

0,0025 a 0,03 
0,011 a 0,022 
0,011 
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2.8 Fabrication de coke metallurgique 

Le coke est forme en chauffant indirectement du charbon a faible teneur en 

soufre et en cendres dans des fours longs et minces de 14,5 a 17 heures. La chaleur libere 

les constituants volatiis du charbon, le benzene et le naphtalene. La plupart des 

constituants volatiis sont condenses et recuperes sous forme de sous-produits. Le residu 

chaud, appele coke, est trempe dans l'eau et seche. 

En 198*, le Canada a consomme 6,5 millions de tonnes de charbon metallur­

gique et produit *,9 millions de tonnes de coke (2*). Environ 95 p. 100 du coke produit au 

Canada est fabrique comme sous-produit. Le charbon est chauffe dans une serie de fours 

de cokefaction rectangulaires appeles batteries. 

Sources des emissions et moyens de lutte. Les emissions de la fabrication du 

coke sont attribuables a la manipulation, au broyage et au melange des charbons, au 

chargement du charbon dans les fours incandescents, a la trempe du coke et a la 

manipulation et au tamisage du coke. On suppose cependant que la plus grande partie du 

manganese contenu dans le charbon est volatilisee pendant la cokefaction et eliminee, le 

cas echeant, dans les tours de lavage et de refroidissement. Par consequent, les emissions 

de manganese dans I'atmosphere surviennent surtout pendant les operations de manipula­

tion du charbon. 

Emissions. Plusieurs hypotheses ont ete posees afin d'evaluer le tonnage emis. 

Etant donne que les operations de manipulation du charbon se deroulent a faible 

temperature, la teneur des particules emises devrait 6tre semblable a celle du charbon. 

On a signale (25) qu'environ 0,75 kg de particules est emis dans I'atmosphere par tonne de 

coke produit et que la teneur en manganese des charbons des Appalaches se situe entre 5 

et 55 ppm (7). La masse de Mn emis par les cokeries en 198* a ete evaluee a moins d'une 

tonne. 

2.9 Baguettes de soudage 

Certaines baguettes de soudage et certains rev§tements contiennent du 

manganese. Les baguettes a souder l'aluminium contiennent environ 1,5 p. 100 de manga­

nese et le rev6tement des autres baguettes en contient jusqu'a 10 p. 100. On ajoute du 

manganese aux baguettes a souder l'aluminium sous forme d'alliage a usages multiples. 

Pour fabriquer des baguettes de soudage en aluminium, des lingots d'alliage 

riche en aluminium contenant du manganese sont ajoutes a la charge d'aluminium et a 

l'alliage de rebuts dans un four a reverbere (a 760 °C). Apres fusion, le metal s'ecoule dans 

une rigole et il est coule en lingots. Les lingots sont refroidis, puis rechauffes et lamines 
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dans un train degrossisseur. Le produit est envoye au laminoir et fini par forgeage, 

matri^age ou tref lage. 

II y a des emissions au cours de la fusion destinee a produire le noyau et aussi 

pendant le sechage et la cuisson du fondant sur les tiges. 

On ne dispose pas d'information sur la quantite de manganese consomme par la 

production de baguettes de soudage. Toutefois, tes emissions ont ete evaluees a moins 

d'une tonne en prenant pour acquis l'existence d'un equipement antipollution, en supposant 

un facteur d'emission brute de 8 kg/t de Mn traite et en tenant compte de la production 

des baguettes de soudage et de la repartition proportionnelle du manganese utilise dans tes 

baguettes de soudage aux Etats-Unis (26). 

2.10 Industrie des alliages non ferreux 

Le manganese est allie a des metaux non ferreux comme l'aluminium, le 

magnesium, le cuivre et le zinc, ainsi que le cuivre et le nickel. Le manganese est utilise 

pour fabriquer des helices de bateaux ainsi que pour fabriquer des alliages pour resistances 

electriques a base de cuivre. Le bronze, produit en alliant du manganese a du cuivre et du 

zinc, contient jusqu'a * p. 100 de manganese. II est ajoute en petites proportions pour 

obtenir des alliages d'aluminium resistant a la corrosion et pour la fabrication de 

rev§tements de baguettes de soudage ou de noyaux de fondants (2). Des bronzes de nickel-

aluminium contenant 1,5 p. 100 de manganese sont utilises dans certaines applications 

marines a la place du bronze au manganese. 

En 198*, environ *5 p. 100 des importations de Mn metallique (1355 tonnes) 

etaient consommees par les industries des alliages non ferreux, principalement par les 

producteurs d'alliages d'aluminium (1). Les emissions de manganese de I'industrie des 

alliages non ferreux ont ete evaluees a moins d'une tonne pour 198*. Cette quantite a ete 

calculee a partir d'un facteur d'emission brute de 6 kg/t de Mn traite et en prenant pour 

acquis l'utilisation d'un equipement antipollution standard dans I'industrie de l'alumi­

nium (26). 

2.11 Sources diverses 

2.1 loi Manganese. Les emissions de manganese pendant la production de manganese 

resultent de la manipulation, du broyage et du grillage du minerai de Mn. Etant donne que 

tout le manganese consomme au Canada est importe (1) et que la production de 

manganese est nulle, aucune emission de manganese n'est attribuable a cette industrie. 

2.11.2 Produits chimiques. Le minerai de manganese, surtout te dioxyde, est utilise 

dans I'industrie chimique comme oxydant pour la production de I'hydroquinone, du 
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permanganate de potassium, du sulfate de manganese, du chlorure de manganese, des 

oxydes de manganese et d'autres produits chimiques (26). Ces industries produisent des 

emissions; toutefois, Statistique Canada et Energie, Mines et Ressources Canada n'indi-

quent pas de fabrication de produits chimiques a base de manganese (2, 27, 28). II n'y a 

done aucune emission due a la production de produits chimiques. 

2.11.3 Autres. Le manganese et ses composes sont utilises dans la production 

d'engrais, d'aliments pour volaille et pour animaux, de produits pharmaceutiques, de 

verres, de produits ceramiques pour la coloration des briques, de siccatifs pour peinture, 

d'oxydants et de ferrites utilises dans les aimants. Ils servent egalement pour la 

depollution de l'air et le traitement de l'eau (26). On ne dispose pas de donnees sur 

l'utilisation de ces produits chimiques au Canada. Les emissions dues a leur utilisation ont 

ete evaluees lorsqu'une information suffisante a pu §tre obtenue. 
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EMISSIONS DUES A LA CONSOMMATION DE COMBUSTIBLES-
SOURCES FIXES 

3.1 Centrales thermiques 

En 1985, 1'electricite produite par les centrales thermiques au charbon 

comptait pour 5*,6 p. 100 de la production totale des centrales thermiques, contre 

*,9 p. 100 pour les centrales au mazout, 1,3 p. 100 pour tes centrales au gaz naturel et 

39,2 p. 100 pour les centrales nucleaires. Les centrales hydro-electriques produisaient 

67,1 p. 100 d'une puissance totale de **6 *13 GWh (29). 

Deux systemes de base sont utilises pour la production d'energie electrique a 

partir de combustibles fossiles: la production de vapeur et la combustion interne (turbine a 

gaz et moteurs alternatifs). Les generateurs sont chauffes au charbon, au mazout, au 

petrole brut ou au gaz naturel (la production de vapeur peut Stre amorcee a l'aide d'huile 

legere, de gaz naturel, de kerosene ou de carburant diesel), alors que les moteurs 

alternatifs utilisent de l'huile legere, du gaz naturel ou une combinaison des deux, ou du 

carburant diesel. 

Sources des emissions et moyens de lutte. La quantite de manganese emis au 

cours du processus de combustion varie suivant la teneur en manganese du combustible, la 

repartition du manganese entre tes cendres volantes de la chaudiere et les cendres 

lourdes, ainsi que la teneur en manganese des cendres volantes fines. On trouve du 

manganese dans les huiles legeres, dans les huiles lourdes et dans le charbon (7). 

Les teneurs en manganese du charbon sont comprises entre 5 et 2*0 ppm 

(30, 31). Les teneurs en manganese du petrole brut sont tres inferieures, soit de 0,005 a 

1,*5 ppm (en moyenne 0,21 ppm pour le petrole brut des E.-U.) (26). La teneur en 

manganese des huiles a chauffage residuelles varie de 0,16 et 0,01 ppm dans te cas de 

l'huile distillee (7). 

Le devenir des elements traces resultant du processus de combustion peut etre 

classe dans une des trois categories suivantes: 

1) proportions approximativement egales dans les cendres volantes et les cendres 
lourdes; 

2) proportion plus grande dans les cendres volantes; 

3) rejet dans I'atmosphere principalement a l'etat de vapeurs. 

En general, les emissions de manganese provenant de la combustion de charbon 

appartiennent a la categorie 1; toutefois, des etudes ont revele le comportement deer it 
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par la categorie 2 la ou l'on utilise des depoussiereurs a parois froides (7). Les emissions de 

manganese provenant de la combustion d'huile correspondent habituellement a la catego­

rie 2, principalement parce que peu de cendres lourdes sont formees au cours du processus 

de combustion. La distribution granulometrique des particules de manganese dans les 

cendres volantes est une question importante parce qu'elle determine 1'efficacite du 

captage des particules. 

Toutes les grandes centrales au charbon sont equipees d'electrofiltres pour le 

captage des particules. Leur rendement de captage (pouvoir d'arrlt) varie de 9*,2 a 

99 p. 100. Des cyclones dont le rendement atteint 70 p. 100 sont utilises a certaines 

stations et I'une d'elles utilise un depoussiereur a couche filtrante tres efficace (32). 

TABLEAU 8 FACTEURS D'EMISSION DE MANGANESE POUR LA COMBUSTION 
DU CHARBON ET DU MAZOUT DANS LES CHAUDIERES A 
VAPEUR 

Type de 
combustible 

Type de 
chaudiere 

Equipement 
antipollution 

Facteur d'emission 
de Mn (pg/J) 

Charbon 
bitumineux 

Charbon 
anthraciteux 

Lignite 

Huile 
residuelle 

Charbon pulverise, 
fond sec 

Charbon pulverise, 
fond humide 

Cyclone 

Distributeur automatique 

Charbon pulverise 
Distributeur automatique 

Charbon pulverise, 
fond sec 

Charbon pulverise, 
fond humide 

Cyclone 

Alimentation tangentielle 

Alimentation de paroi 

- Electrofiltre 
- Laveur 
- Aucun 

- Electrofiltre 

- Electrofiltre 
- Laveur 
- Aucun 

- Multicyclone 

- Electrofiltre 
- Multicyclone 

- Electrofiltre 

- Electrofiltre 

- Electrofiltre 
- Multicyclone 
- Multicyclone 

- Electrofiltre 
- Aucun 

- Electrofiltre 
- Aucun 

*1,3 
*8,2 
98,0 

33,5 

26,1 
5*,2 
98,0 

*7,3 

*1,3 
*7,3 

18,1 

1*,7 

57,2 
711 

*7,3 

2,2 
11,0 

2,2 
11,0 
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Emissions. Les emissions des centrales thermiques au charbon ont ete evaluees 

en se basant sur le type et la consommation de charbon de chaque station (33, 3*), la 

teneur en manganese du charbon consomme (35, 36, 37), les resultats des mesures a la 

source, les donnees sur tes emissions de quatre centrales canadiennes (38), et des facteurs 

d'emission calcules a partir de la documentation (7). Les facteurs d'emission pour les 

chaudieres a charbon et au mazout sont indiques au tableau 8. II faut noter que ces 

facteurs d'emission sont generaux et qu'ils peuvent ne pas s'appliquer a une station donnee. 

Dans le cas des centrales au mazout, les emissions etaient basees sur la 

consommation, la valeur energetique du carburant, te type de chaudiere et le facteur 

correspondant d'emission (32, 33). Les emissions de manganese dues a la production 

d'electricite ont ete evaluees a 1* tonnes pour 198*. 

3.2 Consommation de combustibles dans I'industrie 

En 198*, environ 1 615 000 tonnes de charbon, 3 789 000 n*>3 d'huile lourde et 

685 000 nr*3 d'huile legere ont ete consommes par I'industrie (33). 

II y a du manganese dans les emissions dues a la consommation de combustibles 

par tes industries. Les types de combustibles contenant du manganese et leurs facteurs 

d'emission sont indiques au tableau 9. En se basant sur ces facteurs d'emission (7), la 

quantite de combustible consommee (3*) et la valeur energetique du combustible, les 

emissions du manganese des chaudieres industrielles alimentees en combustibles fossiles 

ont ete evaluees a 3 tonnes en 198*. 

TABLEAU 9 FACTEURS D'EMISSION DE MANGANESE POUR LES CHAUDIERES 
INDUSTRIELLES AU CHARBON ET AU MAZOUT 

Type de 
combustible 

Type de 
chaudiere 

Equipement 
antipollution 

- Multicyclone 
- Laveur 

- Multicyclone 

- Laveur 
- Aucun 
- Laveur 
- Aucun 

Facteur d'emission 
de Mn (pg/J) 

29,* 
6,3 

*7,3 

1,3 
6,5 

1,3 
6,5 

Charbon bitumineux - Charbon pulverise 

Huile residuelle 

Distributeur automatique 

Alimentation tangentielle 

Alimentation de paroi 

Huile legere Aucun 0,6 
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3.3 Consommation de combustibles a des fins commerciales 

Environ *2 000 tonnes de charbon, 753 000 m3 d'huile lourde et 1 631 700 m3 

d'huile legere ont ete consommes a des fins commerciales en 198* (33). 

Les combustibles les plus souvent utilises dans tes etablissements commerciaux 

sont l'huile lourde, l'huile legere, le gas-oil, le kerosene et (en petite quantite) te charbon. 

Parmi ces combustibles, seuls l'huile lourde, l'huile legere et le charbon contiennent du 

manganese (tableau 10). Les emissions de manganese des etablissements commerciaux ont 

ete evaluees a 3*0 kg pour 198*, d'apres les quantites de combustible consommees et les 

facteurs d'emission appropries. 

TABLEAU 10 FACTEURS D'EMISSION DE MANGANESE POUR LES CHAUDIERES 
AU CHARBON ET AU MAZOUT DU SECTEUR COMMERCIAL 

Type de 
combustible 

Type de 
chaudiere 

Equipement 
antipollution 

Facteur d'emission 
de Mn (pg/J) 

Charbon bitumineux 

Huile residuelle 

Fuel-oil distille 

Distributeur 
automatique 

Tous 

Tous 

Aucun 

Aucun 

Aucun 

111 

6,5 

0,6 

3.* Consommation de combustibles du secteur du logement 

Au Canada, environ 152 000 tonnes de charbon, 89 100 m3 d'huile lourde et 

* 893 000 m3 d'huile legere ont ete consommes par le secteur du logement. 

Les valeurs de consommation d'huile lourde, d'huile legere et de charbon (33), 

ainsi que les facteurs appropries d'emission de la documentation (7), ont ete utilisees pour 

evaluer les emissions de manganese a 3 tonnes pour 198*. Les facteurs d'emission 

presentes au tableau 11, qui sont bases sur l'information accessible, ne doivent etre 

utilises que comme lignes directrices; les emissions de sources particulieres peuvent 

presenter de fortes variations. On trouvera dans la figure * une repartition par type de 

combustible pour les sources stationnaires de combustion. 
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TABLEAU 11 FACTEURS D'EMISSION DE MANGANESE POUR LES CHAUDIERES 
AU CHARBON ET AU MAZOUT DU SECTEUR DU LOGEMENT 

Type de 
combustible 

Charbon bitumineux 

Charbon anthraciteux 

Lignite 

Fuel-oil distille 

Huile lourde 

Type de 
chaudiere 

Tous 

Tous 

Tous 

Tous 

Tous 

Equipement 
antipollution 

Aucun 

Aucun 

Aucun 

Aucun 

Aucun 

Facteur d'emission 
de Mn (pg/J) 

2150 

66,2 

*30 

0,6 

6,5 
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CHARBON HUILE LOURDE HUILE LEGERE 

LZZ 

TONNES 
15 

10 

SERVICES 
PUBLICS 

INDUSTRIE COMMERCE LOGEMENT 

FIGURE * 

SECTEUR 

TOTAL: 20 TONNES 

EMISSIONS DE MANGANESE PAR TYPE DE COMBUSTIBLE 
PROVENANT DE SOURCES STATIONNAIRES DE COMBUSTION 
(198*) 
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7, 9). On a egalement evalue les emissions pour 1985; a cause de la production accrue, 

elles atteignent 900 tonnes 

2.2 Production de formes primaires de cuivre et de nickel 

II y avait six principales fonderies de cuivre au Canada en 198*, dont deux 

produisaient du nickel primaire. Une autre produisait le reste du nickel primaire. En 198*, 

50* 252 tonnes de cuivre recuperable et 173 725 tonnes de nickel ont ete produites au 

Canada (13, 1*). 

Description du procede. La premiere etape de l'elaboration du cuivre et du 

nickel est la concentration des minerals de sulfure pauvres par separation magnetique 

et/ou par flottation. Les metaux principaux sont ensuite separes du concentrat soit par 

grillage, par fusion, par conversion ou par af finage au feu ou encore par une des nouvelles 

techniques pyrometallurgiques. 

Au cours du grillage des concentrats, environ la moitie du soufre est libere 

sous forme de dioxyde de soufre et une partie du fer est oxydee. La charge est ensuite 

fondue, habituellement dans un four a reverbere, ou se separent le laitier de silicate de 

fer et la solution de sulfure fondue (matte). Les mattes sont converties par une serie 

d'operations chimiques en metaux bruts. Le cuivre ou te nickel brut est ensuite fondu 

comme anode pour le raffinage electrolytique. 

Sources des emissions et moyens de lutte. Les principales sources des 

emissions atmospheriques des installations de production de cuivre et de nickel primaires 

sont les fours de grillage, les hauts fourneaux et les convertisseurs. Les emissions des 

fours anodiques ou d'operations comme la manipulation du minerai sont relativement 

negligeables. Des electrofiltres sont utilises pour capter tes particules entrainees par les 

gaz du four, des hauts fourneaux et des convertisseurs. Des filtres a manches sont utilises 

pour completer l'epuration des gaz combines du four a reverbere et du convertisseur. 

Emissions. II y a tres peu de donnees sur les quantites de manganese emis par 

les installations de production de cuivre et de nickel. Les reponses au questionnaire ont 

apporte certaines indications et des evaluations basees sur les quantites de particules 

emises ont ete preparees. 

A cause du manque de donnees, les quantites de manganese emis par les 

installations de production de nickel et de cuivre n'ont pas ete evaluees dans le present 

rapport. 
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2.3 Production de zinc primaire 

En 198*, 683 156 tonnes de zinc primaire ont ete produites au Canada par 

quatre usines. Tout le zinc primaire du Canada est elabore par le procede electrolytique, 

selon lequel le concentrat est grille pour eliminer le soufre et produire du zinc oxyde. Le 

minerai grille est appele calcinat et contient jusqu'a 3 p. 100 de soufre. La reduction et la 

recuperation du zinc sont obtenues par extraction du calcinat par de l'acide sulfurique. La 

portion insoluble, qui contient du fer, est separee de la portion soluble et contient jusqu'a 

20 p. 100 de zinc sous forme de ferrite (procede classique) et 3 p. 100 de zinc (procede 

Jarosite). Du dioxyde de manganese est ajoute au cours du processus d'extraction pour 

oxyder le fer. La solution est ensuite epuree et pompee dans des tours de refroidissement 

avant d'etre acheminee vers les installations d'electrolyse ou le zinc est depose sous forme 

de cathodes. Les cathodes de zinc sont ensuite fondues en lingots. 

Sources des emissions et moyens de lutte. Les principales sources d'emission 

sont les fours et les cellules electrolytiques. Toutes les compagnies, sauf une, ont des 

installations pour la production d'acide sulfurique a partir des gaz de grillage. En outre, 

avant d'entrer dans ces installations, tes gaz sont epures dans des cyclones, des 

electrofiltres et des laveurs acides qui retiennent les particules. 

Emissions. L'information provenant des questionnaires indique que les teneurs 

en manganese des minerals se situent entre 0, 10 et 0,22 p. 100(11). Toutefois, on ne 

dispose pas d'information precise sur les pertes de manganese au cours de ^elaboration du 

zinc primaire. Une etude recente effectuee aux Etats-Unis ne mentionne pas de perte de 

manganese due a ce type de production (7). 

A cause du manque de donnees precises, les quantites de manganese emis par 

les installations de production de zinc primaire n'ont pas ete evaluees et sont considerees 

comme faibles. 

2.4 Production de fer et d'acier de formes primaires 

Les procedes de fabrication du fer et de I'acier comprennent la production de 

coke, la production de fonte brute dans les hauts fourneaux, la production d'acier dans les 

fours a sole, les fours (electriques) a arc et les convertisseurs a oxygene, les operations de 

laminage et de finissage. En 198*, I'industrie canadienne de I'acier a produit environ 

1*,6 millions de tonnes d'acier brut (13). 

Le fer fondu destine a la production de I'acier est obtenu par reduction du 

minerai de fer (Fe203 ou Fe^Otf) en fer dans le haut fourneau. De l'air prechauffe est 



P.92 

13 

introduit a grande vitesse et reagit avec le minerai de fer, le coke et la chaux. Le fer 

fondu est ensuite achemine vers l'acierie ou coule en lingots. Les escarbilles et d'autres 

fines de minerai de fer du procede sont converties par frittage en charge d'alimentation. 

Le sinter est un produit agglomere dont la resistance et les dimensions sont adequates 

pour servir de charge dans les hauts fourneaux. Les matieres de charge, constitutes de 

proportions adequates de fines de minerai de fer, d'escarbilles de hauts fourneaux, de 

calamine de recuit, de fines de frittage de retour, de fines de caicaire et de poussier de 

coke, sont melangees avec des quantites mesurees d'eau et acheminees vers un concasseur 

a cylindre ou un tambour a boulets. Alors, le melange est chauffe jusqu'a la fusion 

superficielle et l'agglomeration. 

Dans le four a sole, I'acier est produit a partir d'une charge de ferraille et de 

metal chaud melanges en proportions variables et fondus. Une seule compagnie utilise 

encore le four a sole pour produire de I'acier. 

Le four a oxygene et le four a arc etaient les plus utilises pour la production 

d'acier en 1985. Selon le procede basique a l'oxygene, de l'oxygene pur oxyde les impuretes 

d'une charge composee d'environ 70 p. 100 de metal de haut fourneau et de 30 p. 100 de 

ferraille. L'oxydation produit la quantite requise de chaleur pour la fusion de toute la 

ferraille. On ajoute de la chaux dans le creuset pour former un laitier qui contient les 

impuretes oxydees du metal en fusion et de la ferraille. 

Le four (electrique) a arc est un cylindre d'acier a garnissage refractaire 

pourvu d'une sole en forme de boi et d'un couvercle enlevable en forme de d6me. Trois 

electrodes en carbone passant par des trous a travers le couvercle atteignent la charge du 

four. Pour la production d'acier inoxydable, I'acier en fusion est transfere du four 

electrique a une unite de desoxydation argon-oxygene semblable au four a oxygene. De 

l'argon, de l'oxygene et/ou de l'azote sont souffles dans I'acier pour l'elimination 

preferentielle du carbone plut6t que pour l'oxydation du chrome (7). 

Sources des emissions et moyens de lutte. Tous les materiaux produits dans une 

acierie integree contiennent une certaine proportion de manganese; par consequent, les 

hauts fourneaux, les fours de sinterisation, les fours a sole, les fours a oxygene et les fours 

a arc sont les principales sources d'emission de manganese. 

Des emissions de manganese se produisent au cours du stockage et pendant le 

transfert du minerai de fer, du sinter et des boulettes vers le haut fourneau. II peut y 

avoir des emissions pendant la coulee et le transfert du metal et du laitier dans la salle de 

coulee. Certaines conditions peuvent entrainer des emissions des soupapes de sOrete 
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placees au sommet des fours (7). Les depoussiereurs primaires des fours sont habituelle-

ment des laveurs, les depoussiereurs secondaires etant des electrofiltres. 

Au cours de la sinterisation, l'air s'echappant de la boite a vent, les rejets 

(broyeurs a sinter et tamis chauds), le refroidisseur et les tamis froids constituent autant 

de sources d'emission. On utilise surtout des depoussiereurs mecaniques pour la recupera­

tion du produit et le depoussierage primaire de l'air s'echappant de la boite a vent. Les 

depoussiereurs secondaires peuvent etre des electrofiltres, des depoussiereurs a couche 

filtrante, des laveurs ou des filtres a gravier (16). 

Les emissions fugitives des fours a sole sont attribuables, entre autres, au 

chargement, aux fuites du four, a la coulee du metal en fusion et au drainage du laitier. 

Les moyens de lutte contre les emissions fugitives sont limites. Les emissions des fours a 

sole sont generalement epurees par des electrofiltres ou des laveurs. 

Les emissions primaires des fours a oxygene sont epurees par des laveurs 

Venturi et des electrofiltres. Des emissions surviennent egalement pendant le transfert 

de metal en fusion des chariots porte-poches aux poches de coulee, pendant le chargement 

de la ferraille et du metal en fusion dans le convertisseur a l'oxygene, pendant 

l'elimination du laitier et la coulee de I'acier. Des dispositifs secondaires de captage des 

emissions produites au cours des chargements et des coulees peuvent permettre de diriger 

ces emissions dans un depoussiereur a couche filtrante separe ou dans le systeme primaire 

de depoussierage. 

Les emissions du four a arc surviennent quand le couvercle du four est ferme 

(emissions du procede) et quand il est ouvert (emissions fugitives). Les emissions du 

procede sont constitutes de particules metalliques et d'oxydes, ainsi que d'une certaine 

quantite de monoxyde de carbone et d'hydrocarbures. Les emissions survenant au cours du 

chargement peuvent contenir des particules, de monoxyde de carbone, des vapeurs 

d'hydrocarbures et de la suie. Les depoussiereurs a couche filtrante sont les dispositifs 

antipollution les plus repandus (17). 

Emissions. On a evalue tes quantites de manganese emis en se basant sur des 

facteurs d'emission publies (tableau *). Les calculs sont bases sur la teneur en Mn 

elementaire des particules emises, bien que la plus grande partie des emissions de 

manganese soit sous forme d'oxydes. On a suppose que la teneur en Mn des jets de coulee 

de metal en fusion des operations des hauts fourneaux etait la m6me que celle de la 

poussiere des depoussiereurs a couche filtrante utilises pour epurer les emissions du 

transfert du metal en fusion. D'autres hypotheses sont signalees dans le tableau *. 
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TABLEAU H FACTEURS D'EMISSION DE MANGANESE POUR LES FONDERIES DE FER ET LES ACIERIES 

Procede Source Equipement antipollution 

Facteur d'emission 
(kg de Mn/Mg de 
produit traite) 

Haut fourneau 

Four de sinterisation 

Four a sole 

Four basique a oxygene 

Four (electrique) a arc 

Rejets 
Halle de coulee 

Boite a vent 

Dechargement du sinter 

Boite a vent 
et echappement 

Fusion et affinage 

Monitor de voOte 
Coulee 

Tuyere superieure 
Fusion et affinage 

Chargement 
Coulee 
Transfert du metal chaud 

Fusion et affinage 
Chargement, coulee du metal 

en fusion et du laitier 
Fusion, affinage, chargement, 

coulee du metal chaud et du 
laitier 

Acier au carbone 

Acier allie 

Aucun 
Aucun 
Couvre-jets de coulee 

Aucun 
Electrofiltre sec 
Electrofiltre humide 
Laveur 
Cyclone 
Aucun 
Depoussiereur a couche filtrante 
Laveur a barbotage 
Depoussiereur a couche filtrante 

Aucun 
Electrofiltre 
Aucun 
Aucun 
De la hotte de tirage lateral a un 
depoussiereur a couche filtrante 

Aucun 
De la hotte a I'electrofiltre 
De la hotte au laveur 
A la source et au monitor 
A la source et au monitor 
A la source et au monitor 

0,1185/rejeta 

0,0009b 

0,0009 

0,067c 

0,0096 
0,001 
0,0028 
0,006 
0,04 
0,0006 
0,0035 
0,0018 

0,039d 

0,0005 
0,0003 
0,00013 

0,000003 

0,1425e 

0,0065 
0,00034 
0,00371 
0,00605 
0,00027f 

- Aucun 

- Aucun 

Aucun 
Evacuation directe dans l'enve-
loppe et hotte au point de 
chargement reliee a un depous­
siereur a couche filtrante 
Aucun 
Depoussiereur a couche filtrante 

0,6658 

0,0245 

0,875 

0,00075 
0,328h 

0,0087 

0,2 p. 100; teneur en Mn du metal chaud = 0,4 p. 100. 

0,37 p. 100; la plus grande partie du Mn emis est sous forme 

a Teneur en Mn des escarbilles = 0,3 p. 100. 
b Teneur en Mn des gaz degages par la rigole de laitier 
c Teneur en Mn du sinter = 1,2 p. 100. 
d Teneur en Mn des poussieres retenues par I'electrofiltre 

d'oxydes. 
e Teneur en Mn = 1 p. 100 des poussieres et des residus. 
f Teneur en Mn = 0,26 p. 100; etablie par analyse des poussieres du filtre a manches pour le transvasement de la poche 
8 Teneur en Mn des poussieres de fabrication d'acier au carbone = 3,48 p. 100. 
n Teneur en Mn des poussieres de fabrication d'acier d'alliages faible et moyen = 5,76 p. 100. 
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En tenant compte du facteur d'emission approprie, du type de four, de 

l'equipement antipollution ainsi que de la production de fer et d'acier, on a evalue les 

emissions totales a 337 tonnes pour 198* (7, 17, 18). 

2.5 Fonderies de fer et acieries 

Le fer et la ferraille sont fondus dans des types de four differents et coules 

dans des moules, habituellement de sable. Les types de four utilises sont habituellement 

des fours electriques a cubilot, a induction, a arc (volta'ique) et des fours a reverbere. Le 

cubilot est le principal type de four utilise pour la production de la fonte grise. II est 

constitue d'ordinaire d'une enveloppe d'acier verticale a garnissage refractaire; il est 

charge par te haut de couches alternatives de fonte brute, de coke et de fondant. Les 

grands cubilots sont refroidis a l'eau. L'air pour la combustion du coke est introduit par le 

bas et la chaleur produite fait fondre la charge. Les cubilots a jet chaud utilisent de l'air 

rechauffe. Un cubilot peut couler le metal en continu ou de facon intermittente, a partir 

d'un trou de coulee lateral dans la partie inferieure. 

Les fours a arc utilises dans les fonderies sont les memes que dans les acieries 

integrees. Les fours a induction sont des cylindres verticaux a garnissage refractaire, 

entoures de bobinages de fils electriques alimentes en courant alternatif. Les fluctuations 

resultant du champ magnetique chauffent et portent le metal au point de fusion. Les fours 

a induction sont completement fermes, sauf pendant le chargement, l'ecremage et les 

coulees. Les operations de base du processus de fusion sont les suivantes: 

1) chargement du four (te metal, la ferraille, les alliages, le charbon et le fondant sont 
places dans le four); 

2) fusion; 

3) rechargement; 

*) affinage; 

5) elimination du laitier et coulee dans la poche ou directement dans tes moules 
(figure 3). 

Le metal en fusion est coule dans un reservoir de retenue ou dans une poche de 

coulee avant d'etre coule dans les moules. Les pieces coulees sont habituellement 

nettoyees par grenaillage, avant le finissage. 

Sources des emissions et moyens de lutte. Toutes les operations mentionnees 

peuvent donner lieu a des emissions de particules. Les plus fortes teneurs en particules 

sont observees pendant le chargement, le rechargement, l'alliage, l'elimination du laitier 

et la coulee de metal. Les emissions produites pendant la fusion et l'affinage sont dirigees 

directement dans les dispositifs de captage et d'epuration (s'il y en a). 
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Les emissions sont constitutes d'oxydes metalliques, de fumee, de poussiere et 

de gaz. Une grande quantite de particules provient egalement des operations autres que la 

fusion, comme le demoulage, le grenaillage et te conditionnement du sable. La principale 

source d'emission est le cubilot; les fours a arc, a induction et a reverbere emettent de 

plus petites quantites. 

Les emissions des cubilots sont epurees par des cyclones, des depoussiereurs a 

couche filtrante, des depoussiereurs a rideau d'eau et des laveurs. Les depoussiereurs 

comme les filtres a manches et les laveurs sont utilises avec les fours a arc. Habituelle­

ment, les fours a arc ne comportent aucun dispositif antipollution (7). Une variete de 

hottes et de ventilateurs d'extraction sont aussi utilises pour aspirer les emissions des 

fonderies. 

Emissions. On a evalue la quantite d'emissions pour 198* en se basant sur des 

facteurs d'emission publies (7, 20, 21) ainsi que sur l'information accessible concernant les 

fonderies et les acieries. Les facteurs d'emission calcules pour le manganese sont bases 

sur les teneurs en Mn des particules (tableau 5). 

Environ 86* 5*3 tonnes de fonte et 131 365 tonnes d'acier en lingots ont ete 

produites au Canada en 198* (19, 20, 21). Les emissions provinciates ont ete evaluees en 

tenant compte de l'equipement antipollution connu des types de fours et des valeurs de 

production (21, 22), Les emissions totales de manganese ont ete evaluees a *0 tonnes pour 

198*. 

2.6 Fabrication de piles 

Le dioxyde de manganese est utilise comme depolarisant dans la fabrication 

des piles alcalines au manganese. La cathode de ces piles seches est faite de dioxyde de 

manganese (Mn02) auquel on ajoute de 10 a 30 p. 100 de carbone (en poids) pour ameliorer 

la conductivity. Le collecteur pour la cathode est habituellement une tige de carbone ou 

une tige de metal a rev6tement de carbone et l'anode est habituellement le contenant en 

zinc ou une feuille de zinc. L'electrolyte utilise est habituellement une solution saturee de 

chlorure d'ammonium (NH^Cl), d'hydroxyde de sodium (NaOH) ou d'hydroxyde de potas­

sium (KOH). 

Les piles qui utilisent une solution saturee de chlorure d'ammonium comme 

electrolyte sont appelees piles de Leclanche, alors que celles qui utilisent le NaOH ou le 

KOH comme electrolyte sont appelees piles alcalines. Exception faite de l'electrolyte, les 

piles Mn02~zinc et tes piles de Leclanche sont identiques, bien que les piles alcalines aient 

une meilleure performance. 
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TABLEAU 5 FACTEURS D'EMISSION DE MANGANESE POUR LES FONDERIES 
DE FER ET LES AClERIES 

Source 

Fonderies de fer 
Cubilot 

Four a arc 

Equipement antipollution 

- Aucun 
- Depoussiereur a rideau d'eau 
- Laveur a impact 
- Laveur a forte energie 
- Depoussiereur a couche filtrante 
- Aucun 
- Depoussiereur a couche filtrante 

Facteur d'emission 
(kg de Mn/t de 
produit traite) 

0,13 
0,06 
0,0375 
0,006 
0,0015 

0,075 
0,00075 

Four a induction 

Acieries 
Four a arc 

Four a induction 

Aucun 

Aucun 
Electrofiltre 
Laveur Venturi 
Depoussiereur a couche filtrante 

Aucun 

0,01125 

0,26 
0,013 
0,0065 
0,000* 

0,002 

Sources des emissions et moyens de lutte. Le minerai de Mn ou les oxydes 

synthetiques utilises dans la fabrication des piles seches sont generalement recus en sacs 

et broyes aux dimensions requises. Les sacs sont stockes, recouverts de toiles de plastique 

et leur contenu est deverse a la main dans les tremies de stockage. Au cours des etapes 

subsequentes, la poudre de Mn02 est combinee a l'electrolyte, et le reste du processus se 

deroule dans des conditions semi-humides. 

Les seules sources d'emission sont les postes de manipulation initiate des 

poudres de minerai de Mn et de Mn02» Dans le cas des minerals naturels, le broyage et te 

tamisage peuvent §tre faits a ces endroits, tout dependant des particularites de 

^installation. Ces lieux sont generalement equipes de hottes qui tirent tes emissions vers 

des depoussiereurs a couche filtrante. 

Emissions. La quantite des emissions de manganese dues a la fabrication des 

piles a ete evaluee en se basant sur la quantite de minerai traite et sur les facteurs 

appropries d'emission indiques au tableau 6 (1,7). Les hypotheses utilisees pour calculer les 

facteurs d'emission sont basees sur un minerai a teneur en Mn de 50 p. 100 et sur une 

teneur en Mn de 63,2 p. 100 pour le Mn02-
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TABLEAU 6 FACTEURS D'EMISSION DE MANGAN&SE POUR L'INDUSTRIE DE 
LA FABRICATION DES PILES 

Source 

Broyage du minerai 

Tamisage 

Stockage et manipulation 

Equipement antipollution 

- Aucun 
- Depoussiereur a couche filtrante 

- Aucun 
- Depoussiereur a couche filtrante 

- Aucun 
- Depoussiereur a couche filtrante 

Facteur d'emission 
(kg de Mn/t de 
materiau traite) 

15,0 
0,015 

0,5 
0,0005 

2 2 
0*0022 

En 198*, environ 3306 tonnes de minerai de Mn de qualite pile (85 p. 100 ou 

plus de Mn02) ont ete consommees au Canada (1). La quantite de Mn emis a ete evaluee a 

585 kg. 

2.7 Fabrication de ciment 

Deux procedes sont utilises pour la fabrication du ciment. Dans le procede sec, 

les matieres d'alimentation sont acheminees a l'etat solide. Dans le procede humide, les 

matieres sont melangees a de l'eau et acheminees a l'etat de bouillie. Les matieres 

premieres utilisees pour fabriquer le ciment se divisent en quatre categories de base: 

chaux, silice, alumine et fer. Environ 1600 kilos de matieres premieres seches sont requis 

pour produire une tonne de ciment (7). Peu importe le procede utilise, les matieres sont 

dosees, broyees et melangees avant les etapes de production primaire du ciment. 

Dans le procede sec, la teneur en humidite des matieres brutes est reduite a 

moins de 1 p. 100 avant ou pendant le broyage. Les matieres seches sont reduites en 

poudre, melangees selon le dosage prescrit et acheminees directement dans un four rotatif 

(incline). Dans le procede humide, la bouillie formee par addition d'eau aux matieres 

brutes initiates est melangee jusqu'a l'obtention de la composition adequate. Ce melange 

est achemine vers les fours de grillage. 

Dans ces fours, la bouillie et les matieres brutes seches sont calcinees jusqu'a 

ce qu'elles forment un residu, qui est ensuite melange avec une petite quantite de gypse, 

broye jusqu'a l'obtention d'une poudre fine et stocke. 

Sources des emissions et moyens de lutte. La production de ciment est une 

source possible d'emission de manganese parce que le manganese est un constituant des 


